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ABSTRACT 
Irrigation Demand in the 
Utah Lake Drainage Area: 
The Role of Irrigation Efficiency 
by 
Hiro Mizue, Master of Science 
Utah State University, 1968 
Major Professor: Gaylord V. Skogerboe 
Department: Civil Engineering 
The effect of irrigation efficiency upon the water demand for 
agricultural purposes in the Utah Lake drainage area has been eval-
lla ted in this study . Irrigation demand is the quantity of water at 
the supply source neces sary to satisfy crop water requirements j) 
taking into account irrigation efficiency. 
The Utah Lake drainage area was divided into hydrologic 
subareas and districts to facilitate analysis . The demand, surplus , 
and defic it quantities for each area was determined. The compu-
tations were made using constant mean quantities. Within a given 
area, the diverted water was assumed to be applied uniformly to 
satisfy agricultural crop demands, and the contribution of ground-
water was neglected . 
The quantity of major interest is the surplus or deficit, which 
has been computed for present and potential future irrigation effi-
encies taking into account historical diversions and precipitation, 
xv 
and estimated root zone storage. The crop demand is not adequately 
met in the study area. There is a surplus in the Provo district 
(29 f 000 acre-feet annually), while deficits occur in the Spanish Fork 
district (69 , 000 acre-feet annually) and Northern Juab Valley subarea 
(38, 000 acre-feet annually). The common pattern is excessive diver-
sions in May and insufficient diversions in July through September. 
The present mean irrigation efficiency of 36 percent in the Utah Lake 
dra inage area results in an annual defic it of Ill, 000 acre -feet, of 
which 69, 000 acre-feet occurs in Utah Valley. The maximum monthly 
deficit is 76" 000 acre-feetD which occurs in August. 
Provided irrigation efficiencies were increased to 68 percentJ) 
surplus would exist in every month and the annual surplus would be 
159 , 000 acre-feet. The combination of additional storage facilities 
to modify the diversion to coincide with crop demand, reallocation 
of water from water -plenty to water -short areas, and increasing 
the irrigation efficiency would provide the best economic use of water 
for the benefit of the area. 
(169 pages) 
xvi 
CHAPTER .1 
INTRODUCTION 
Purpose 
The purpose of this study is to determine how irrigation 
effi ciency quantitatively affects the irrigation water demand of the 
Utah Lake drainage area . Irrigation efficiency is the ratio uf the 
volume of water necessary for crop use to the total volume of water 
diverted , stored r or pumped for irrigationo Irrigation demand is 
the quantity of water at the diversion point which either is necessary 
for crop use or is in excess of the crop needs o Explanations of 
these terms are given in Chapt ers 3 and 4 ~ The irrigation surpluses 
and deficits under mean diversion quantities and demands are 
determined for the several subareas within the drainage area. Techni-
cal improvements in the conveyance and application of water may 
increase efficiency. As part of this study the irrigation surpluses 
and deficits will be determined for various estimated future efficiencies. 
In most hydrologic calculations involving irrigated lands ~ 
efficiency is arbitrarily assurned o Consequently the crop needs and 
the hydrologic components (e . g. , groundwater, runoff~ etc o ) may be 
overestimated or underestimated. This study does not present any 
new efficiency data, but rather presents the quantities of water diversions 
required for various degrees of efficiency. In this ways the role of 
irrigation efficiency can be placed into perspective. 
The effect of irrigation efficiency on water resources is an 
important and timely topic. Competitive pressures from non-agri-
cultural sources may eventually force the irrigator to either give 
up lands to enterprises which offer greater economic gain or to 
increase the efficiency in the use of resources in order to attain 
greater productivity_ Thus, the individual and colle "ctive irrigator 
of agricultural areas may be encouraged to adopt new irrigation 
management techniques in order to use water more efficiently. 
Irrigation is of importance both in the nation and in the 
west. In the United States, irrigation accounts for 46 percent of 
the water diverted and 94 percent of water consumptively lost 
through evaporation and transpiration (U.S. Congress, 1960a, 
Figure 7, p. 6)0 In the Great Basin and Colorado Basin, more 
than 90 percent of the water diverted is for irrigation purposes 
(U.S. Congress, 1960a, Figure 6, p. 5). This indicates that 
irrigation efficiency is of significance in the management of water 
resources. 
Hydrologically, irrigation efficiency in a large drainage 
basin is not truly meaningful because the water remains within the 
basin and maybe available for other uses (Bagley, 1965, p. 70)0 
However, irrigation efficiency is important on a short time basis 
since it affects both the available quantities and the institutional 
2 
liTIlitations on diversions. Water rights are deterTIlined by specific 
quantities available at certain tiTIles. Temporary water depletion 
TIlay be harmful financially. The quantity in the watercourse may be 
reduced, due to excessive upstream diversions, which in turn 
will affect the quantity divertable under the water right. The 
res'ult may be decreased crop production and, over a long period, 
larger and more expensive irrigation facilities (canals, reservoirs, 
pumps) will be required to convey greater water quantities. 
In the Utah Valley, inefficiency at higher elevations does 
contribute some root zone water through seepage and surface run-
off to lower elevation lands. But a large fraction of this waste 
enters into the groundwater, flows into Utah Lake, and may not be 
econoTIlically recoverable for irrigation purposes. Provided upstream 
users possess highly efficient conveyance and application systems, 
their diversions can be liTIlited. This leaves greater quantities in 
the water-course for economic retrieval downstream or for convey-
ance to areas outside the riparian lands. These quantities may be 
used for other agricultural or alternative uses. Thus, efficiency may 
become a useful tool in ', the reallocation of water between small areas 
of a watershed. This will, in the end, benefit the agricultural produc-
tivity of the entire basin. 
In summary, irrigation efficiency is important because (a) 
irrigation constitutes a significant water use in the Great Basin, (b) 
3 
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higher efficiencies decrease the cost of transporting and storing large 
water quanties, and (c) higher efficiencies ITlake possible re-allocation 
of water to other areas or other uses to benefit the econoITlY. 
Scope 
This study will cover the effects of varying degrees of effi-
ciency upon the irrigation diversion deITland in the Utah Lake drainage 
systeITlo No atteITlpt is ITlade to analyze the econoITlic consequences 
of attaining certain efficiency value.s. Greater efficiency will un-
doubtedly increase water quality probleITls for downstreaITl users 
but for the purposes of this study, the discussion will be liITlited to 
the quantitative aspect of water use. RecoITlITlendations regarding the 
best approach for attaining ITlore efficient use of water, particularly 
on institutional and political aspects, are not included. Although it is 
recognized that all technical iITlproveITlents depend upon institutional 
or ganiza tion and change s, dis c us s ion of po s s ib le ITlodifica tions have 
been oITlitted because no quantitative data is available (as deterITlined 
by the writer). 
The two iITlportant cOITlponents of this study are the deter-
mination of annual deITland as a function of irrigation efficiency and 
the recognition that water ITlust be delivered to locations at tiITles of 
greatest crop need. Actual diversion quantities and crop potential 
consuITlptive use data are conjunctively presented to illustrate their 
5 
relationship. Comparisons are made between the subareas in the basin. 
The surpluses and deficits at the diversion point are determined by 
assuming uniform water distribution over the given area under mean 
conditons. Various efficiencies are assumed based upon irrigation 
practices and potential technical improvements and the surpluses 
and deficits are calculated for these efficiencies on both mean 
monthly and mean anNual basis. 
CHAPTER 2 
DESCRIPTION 
Location 
The Utah Lake drainage area is located in the northern part 
of central Utah. The area is part of the drainage system. tributary 
to the Great Salt Lake. The Great Salt Lake drainage area is in turn 
part of the Great Basin~ The Utah Lake drainage area includes those 
lands above the stream. gaging station designated as "Jordan River at 
Narrows. " 
The boundaries of the Utah Lake drainage area fall within 
five counties (Utah, Sanpete, Juab, Wasatch , and Sum.m.it), but the 
m.ajor part lies within Utah County. The areal dim.ensions are ap-
proxim.ately 96 m.iles in a line running SW to NE from. the Tintic 
Mountains to Bald Mountain, 61 m.iles NS through the city of Provo 
and 49 m.iles EW through Provo. The Utah Lake drainage area which 
is 3., 092 square m.iles in size has been divided into subareas as shown 
in Figure 1. The largest hydrologic subarea is Utah Valley which 
covers an area of 957 square m.iles . The size of each subarea is 
listed in Table 1. 
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HYDROLOGIC SUBAREAS 
UTAH LAKE DRAINAGE AREA 
E3=E3=E3
0
====::::::JE:::E:::E:::E:::3'O Miles 
Fig. 1. Hydrologic subareas of Utah Lake drainage area. 
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Table I. Hydrologic areas within the Utah Lake drainag~ area a. 
Hydrologic Area b No. 
c Area 
Acres Sq. Mi. 
(He be r - Kamas) - - 293, 120 458.0 
Francis (Kamas) II 129,920 203. 0 
Heber Valley 13 163, 200 255.0 
(Utah Valley) 18 612,480 95 7 .0 
gedar Valley 17 201,, 600 3 IS. 0 
(Northern Juab Valley) 2 132, 736 207.4 
Other areas 
Salt Creek 1 61, 184 95.6 
Dog Valley 3 35,776 55.9 
Santaquin Canyon 4 9,344 14.6 
Payson Creek 5 12, 032 18. 8 
Thistle 6 290,560 454.0 
Diamond Fork 7 93,440 146.0 
Spanish Fork Canyon 8 23, 680 37.0 
Hobble Creek 9 67,200 105. 0 
Provo- Uinta 10 19,200 3 O. 0 
Round Valley 12 '46,016 71.9 
South Fork Provo River 14 19,200 3 O. 0 
Lower Provo Canyon 15 28,800 45.0 
American Fork Canyon 17 201,600 215.0 
(Utah Lake drainage area) 
- - f· 147,94 8 3,356. 2 
a 
Hyatt, et al 1968b. 
b 
Areas in this study indicated by parentheses. 
c 
Number refers to subarea designation in State hydrologic invent ory. 
Geography 
The Utah Lake drainage area contains several hydrologic 
subunits which are important agriculturally. These are the Francis 
subarea {Kamas)r Heber Valley, Utah Valley, (including Northern 
Utah Valley, Southern Utah Valley and Goshen Valley), Cedar 
Valley, and Northern Juab Valley. The lower elevation valleys 
west of the Wasatch mountain crest, popularly known as the 
Wasatch Front, constitute a highly important part of the drainage 
basin because of their fertility and population density. 
Of the divisions referred to previously, Utah Valley is by 
9 
far the largest in size. The valley is an intermontane basin situated 
at the eastern margin of the basin and range physiographic province 
(Bissell, 1963, p. 101). Utah Valley is bounded on the east by the 
Wasatch Mountains, on the we st by the Lake Mountains and the low 
hills on the west side of Goshen Valley, on the south by low hills 
separating it from Juab Valley, and on the north by the Traverse 
Mountains. For the analysis of irrigation demand, Utah Valley is 
divided into three districts identified as Lehi-American Fork, Provo, 
and Spanish Fork. The Spanish Fork district includes both Southern 
Utah Valley and Goshen Valley. Within each subarea of Utah Valley 
there are service areas served by major water distributing canals or 
companies (Figures 2 and 3). 
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'Cedar Valley is essentially a closed subbasin with no per-
ennial streams. It is bounded on the east by the Lake Mountains, 
and on the west by the Oquirrh and East Tintic Mountains .. 
Northern Juab Valley has limited inflow which is almost 
entirely -£6r " irr.igat ion.o .. Return flows drain into Mona Reservoir .. 
Outflows from Mona Reservoir are used for irrigating lands in 
Goshen Valley~ which is located at the southern tip of Utah ~ake .. 
Goshen Valley for the purposes of this study is included in the 
Spanish Fork distr icto 
Heber Valley and the Francis subarea (southern Kamas Valley) 
are located on the middle and upper reaches of the Provo Rivero These 
two areas are combined into one district in this study. 
Land Forms and Soil 
Cedar and Utah Valleys , along with portions of Northern Juab 
Valley, were at one time part of the Pleistocene Lake Bonneville. 
Hence, the valley floor consists of lacustrine gravel, silt, and clay 
sediments.. These sediments overlap with alluvial fans of pre-Lake 
Bonneville age, spreading out from the mountain canyons (Bis sell, 
1963, p. 101). 
Practically all the arable lands are situated on recent alluvial 
and lacustrine deposits. Most of the valley fill was transported into 
the lake by entrant streams where it was hydraulically sorted and 
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reworked, then deposited on deltas, benches or on the lake bottom. 
(U. S. Dept. of Interior, 1964<; , p . 9). 
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The surface features m.ay generally be grouped into four types : 
benches, river bottom.s, alluvial fans, and lake bottom.s. Each type 
has characteristics which require distinct irrigation practices. 
The benches are wide delta areas form.ed of highly perm.eable 
m.edium. to coarse textured alluvium.. The flat surfa«e slope (av~rage 
is rarely greater than 1. 25%) and high elevation facilitates construction 
of canals but the elevation of these lands necessarily set them. apart 
from. other areas. Due to this arrangem.ent they are served by sep-
arate canal com.panies (HudsonJ 1962, pp. 14-15). 
The river bottom. soils are found in long narrow strips along 
the m.ajor rivers. The soils are perm.eable m.edium. to coarse 
alluvium.. Being set apart from. the benches by the differences in 
elevation, they are provided with irrigation waters by canal com.panies 
form.ed to service only these lands (Hudson~ 1962, ppo 16-17). 
The alluvial fans are located at the m.ouths of rivers and along 
the base of m.ountain rim.s. They are of m.oderate slope (about 2 to 
5 percent, except near lake bottom.s where 1 percent is com.m.on) and 
are basically well drained alluvial m.ateria1. However , m.uch of the 
surface soil consists of lacustrine silt (Hudson, 1962 , pp. 16-17). 
The lake bottom. borde r s the area around Utah Lake 0 The area 
is gently slopping and com.prises the bulk of the Utah Valley lands. 
Due to the flat slope and low elevation of these lands within the basin, 
drainage problems exist. The soils are fine to medium textured 
material , primarily silt and clay (Hudson, 1962, p. 18; U.S. Dept. 
of Interior, 1964c, p. 160). 
Climat'e 
The climate of the Utah Lake drainage area may be classified 
as semiarid and temperate with conditions characterized by relatively 
low precipitation, low humidity, and high evaporation rate. Because 
of the climate sparse vegetation covers much of the land area. In 
the Heber-Francis area ~ native grasses occupy much of the valley 
floor with sagebrush growing on slopes and higher elevations. On 
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the Wasatch Front areas, the dominant types of vegetation are sage-
brush, greasewood, salt brush, and native grasses on the valleys with 
junipers at higher ridge s . In general, the soils are characterized by 
low organic content and high calcium. content. The climatic char-
acteristics for representative stations are summarized in Table 2. 
The mountain valleys of Heber-Kamas area possess less favorable 
climate for crop production than the Wasatch Front areas due to 
lower temperatures and shorter frost-free growing season ~ (U.S. 
Dept. of Interior, 1964c t pp .. 10-12). 
Table 2 
- a ._ 
CliITlatic character isf.ic s . 
Station Elevation Mean 
ft o Annual 
Rrecip. » I n . 
Utah Lake (Lehi) 4497 9 0 82 
Provo 4545 12 a 81 
Elberta 4690 10.22 
Spanish Fork PH 4711 16 . 79 
Lower AITlerican 5044 16 . 45 
Fork PH 
Heber 5593 15 . 05 
Snake Creek PH 5950 22 . 25 
Soldie r S UITlITli t 7460 16 . 09 
a 
Hyatt , et al~ 1968, Tables 5, 6, and 9. 
Mean Median frost free periodt 
Annual 
0 
'ThITlp ., F Dates Days 
48 06 May 16 to Sep 24 132 
49 06 May 19 to Sep 22 127 
50 . 6 May 14 to Oct 1 141 
52.0 May 1 to Oct 15 168 
52 . 2 Apr 30 to Oct 21 175 
44 . 5 Jun 19 to Sep 4 7.8 
43 . 3 Jun 10 to Sep 4 87 
38. 7 Jun 19 to Aug 13 56 
b 0 
50 percent probable chance that 32 F will occur or after indicated dates . 
! 
I 
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Precipitation 
The average annual precipitation, based upon the normal time 
per iod 1931-1960 , var ie s fr om ove r 60 inche s for the high peaks of the 
Traverse and Wasatch Mountains to less than 10 inches in the eastern 
Utah Lake and Goshen Valley areas (Utah State University, 1963, 
pp. 5 -6). 
In general , the precipitation decreases traversing west of the 
Wasatch-Mountains. In most of Northern Utah Valley, Southern Utah 
Valley, and Northern Juab Valley, the normal annual precipitation 
varies from 12 to 16 inches. In Cedar Valley and Goshen Valley it 
varies from less than 10 to 12 incheso The high peaks of Mt. Timpan-
ogos, Squaw Peak, and Spanish Fork Peak of the Wasatch Mountains 
receive from 30 to over 60 inches of precipitation, annually~ The 
mountain valleys in the Heber-Kamas vicinity receive from 16 to 
20 inches as shown by isohyetals of normal annual precipitation for 
the time period 1931-1960 (Hyatt, et ar,- 1968b). 
Wind 
The prevailing wind direction varies from southwest to north-
west but in winter months is generally from the northwestg Violent 
windstorms in the area are almost unknown (U.S. Dept. of Interior, 
1964 c , p. 13) . 
.' 
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Temperature 
The temperature varies with altitude and latitude. There is 
about 3 d.egrees Fahrenheit (oF) decrease in mean annual temperature 
for each 1000 feet increase in altitude and about 2 0 F decrease for 
each one degree increase in latitude. Thus 1I at higher elevations, 
there is lower potential evapotranspiration o At lower elevations, due 
to the restricted available moisture, the actual evapotranspiration 
may not approach the potential evapotranspiration (Utah State Univ.) 
1963, pp. 5-7). In most of Northern Utah Valley, Southern Utah Valley, 
Goshen Valley, Northern Juab Valley, and Cedar Valley the mean 
annual temperature ranges from 45 0 F to 50 0 F based upon an iso-
thermal map of mean annual temperature for the Utah Lake drainage. 
area (Hyatt, et al. 1968b, p. 87). For the Wasatch Mountains the 
o 0 
mean annual temperature ranges from 35 F to 45 F, the Heber-
o 0 
Kamas areas vary from 40 F to 45 F. 
Agricultural Lands 
Agriculture is the largest user of water resources within 
the Utah Lake drainage area.. Irrigated agriculture constitutes 
74 percent of all agricultural farmland. There is 162,150 acres 
in active use for irrigated crops and 57,508 acres for dry farm 
land as shown in Table 3. (Hyatt, et ale 1968a). 
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Representative irrigated crops are alfalfa pasture s grain, corn, 
sugar beets ll and orchards. The largest aITlount of irrigated land is 
used for alfalfa and pasture; the cOITlbination constitutes 86 , 650 acres, 
or 53 percent of all active irrigated cropland. 
Utah Valley contains 117 , 760 acres of irrigated cropland, 
or 73 percent of the total irrigated croplands in the Utah Lake 
drainage area. The Spanish Fork district (which encoITlpasses 
Southern Utah Valley and Goshen Valley) contains 73,773 acres. 
This aITlounts to 63 percent of the Utah Valley, and 45 percent of 
the Utah Lake drainage area, croplands. Other areas containing 
irrigated crops used in this study are Heber-Frances ( 20,682 acres), 
Lehi-AITlerican Fork (20 , 492 acres), Provo (23,495 acres ), Cedar 
Valley (3,328 acres), and Northern Juab Valley (12,391 acres). 
About 8.2 percent of the total land area in the Utah Lake drainage 
area is used for irrigated agr iculture. The areas are s UITlITlar ized 
in Table 3. 
Table 3. Agricultural lands a. 
Hydrologic Area b No. 
c Crop Area, 
d 
acres 
(Heber -Kamas) - - 20,682 
Francis (Kamas) 1 1 1,553 
Heber 13 19,129 
(Utah Valley) 18 117,760 
(Lehi-Am. Frk. ) 18a 20,492 
(Provo) 23,495 
(Spanish Fork) 18b-18c 73, 773 
Goshen Valley 18c 15,785 
Cedar Valley 17 3,328 
(Northern Juab Valley) 2 12,391 
Other areas - - 7,989 
Thistle 6 5, 176 
Round Valle y 12 2,813 
Utah Lake drainage - - 162, 150 
a 
Hyatt, et ale 1968a, Table 58. 
b Areas in this study indicated by parentheses. 
c 
Numbers are hydrologic subarea disignation. 
Phrea tophyte s 
and Native Vege 
tation, Areas 
6, 141 
956 
5, 185 
40,500 
1, 937 
8,080 
17,554 
12,929 
26 
550 
62 
- --
62 
47,?,79 
d ' 
Includes classes A 1 to A 11 and A 13 (see Appendix). 
eIncludes classes C 1 to C4 (Very dense to light density growth). 
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Hydrology 
The Utah Lake area is drained by two large rivers, the Provo 
and the Spanish Fork. Other principal streams are the American 
Fork River, Hobble Creek, Surnrnit Creek, Payson Creek p Salt 
Creek, and Currant Creek. 
Provo River 
The Provo River, the largest of the Utah Lake tributaries, 
originates in the Western Uinta Mountains, flows through Kamas 
and Heber Valleys, down Provo Canyon and discharges into Utah 
Lake.. The drainage area east of the crest of the Wasatch Mountains 
is about 650 square miles compared to about 25 square miles west 
of the cre st. 
The Provo River ordinarily furnished approximately twice the 
quantity of water as other rivers and streams north of the city 
of Provo (Thomas, 1953, pp. 66-67). Due principally to the contri-
bution of the Provo River, the northern half of Utah Valley (north of 
the city of Provo), with less than 40 percent of the irrigated land, 
receives about 70 percent of the total inflow. The volume of natural 
inflow is variable with about one -half of the annual quantity occurring 
during periods of low irrigation demand (April through June) while 
only one-sixth occur.s during periods of high demand (July through 
September). (Hudson$ 1962 g- pp. 73 -74J,tThei, i;'.iver' .is essentia."l}y 
fully appropriated for irrigation, municipal, industrial, and power 
purposes (U.S. Dept. of Interior p 1964b~ p. 263). 
Spanish Fork River 
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The Spanish Fork River rises in the Wasatch Plateau west of 
Soldier Summit. The total drainage area is about 700 square miles , of 
which 675 square miles are on the east side of the Wasatch Summit. 
Similar to the Provo ' River, the unregulated runoff rate has a high peak 
during the spring months" 
Streamflow regulation 
Streamflow regulation in the form of reservoirs , interbasin 
transfers , and water allocation has occurred primarily along the Provo 
and Spanish Fork Rivers. The other streams contibute much less 
to the irrigation supply and have been subject to very little regulation. 
Several examples of these modifications may be given. On 
the Provo River , 15 small reservoirs have been developed at the 
headwaters which contribute about 8000 acre-feet(;AF} to i~rigation,_ann\lally . 
Deer Creek Reservoir , located at the western end of Heber Valley 
releases 96 , 700 acre-feet annually to the Provo River (U.S . Dept. 
of Interior ~ 1964b $ p. 347a) . On the Spanish Fork System, the 
Strawberry Reservoir, located in the Uinta Basin has a mean 
annual interbasin export to the Utah Lake drainage area of 60,800 
acre-feeto The representative flows and principal water transfers 
in this area are presented in Table 4, which was obtained from a 
recent report by Hyatt, et al (1968b). 
Diversions 
Diversions from the Provo and Spanish Fork rivers are mea-
sured and published by the respective state appointed water com-
missioners , Diversions from the American Fork River and Hobble 
Creek are measured less frequently and are not published. Flows 
are usually measured by weirs at an accuracy within..±' 15 percent . 
(Hudson, 1962, pp. 76-77). 
The basis for measuring irrigation water in this area was 
compiled by Israelsen et al (1946 , p. 41) . Of 46 irrigation companies 
investigated, 22 measured volumes of water by approved engineering 
methods and recorded the same, 18 measured and divided water but 
did not record volumes , and five did not regularly measure water. 
Table 4 • Mean annual flow for 1931-1960 tiITle base adjusted to 1960 
d " a con lhons , 
River Quantity, AF 
Provo River 
near KaITlas 
Duchesne Tunnel 
Weber-Provo Diversion Canal 
a t Hails tone 
Ontario Tunnel 
Dry Creek and Fort Creek 
AITlerican Fork -R iver 
Battle Creek 
Grove Creek 
Rock Creek 
Hobble Creek 
Spanish Fork River 
at Thistle 
Strawberry Tunnel 
at Castilla 
Payson Creek 
SUITlITlit Creek 
Salt Creek near Nephi 
Currant Creek below M -opa 
Reservoir 
Jordan River 
a 
Hyatt, et al Ot 1968b. 
0 -
Transbasin iITlport. 
34 ~, 300 
37 t 200~:< 
56 ~ 2 OO~:< 
214p 500 
10, 000 * 
20,000 
38,200 
4,000 
3,000 
8,000 
29,500 
56,400b 60, 800 ~ 
151,400 
9,400 
8,900 
19,300 
15, 000 
261, 000 
23 
?4 
CHAPTER 3 
EFFICIENCY 
Definitions 
In general, an irrigation system may be divided into three parts: 
the source (be it river or storage reservoir), the distribution system, 
and the application of water on the land. Each part of the system is 
subject to certain water losses which ultimately affect the quantity of 
water that may be beneficially used. These losses, as well as return 
flow components of the diverted water, are shown in Figure 4. 
Within each part of the irrigation system an efficiency, the ratio 
between the usable outflow and the total inflow, may be determined. 
From a water resource point of view, these efficiency parameters are 
of importance because they are utilized in determining the quantities 
of water which are required for a given system and conversely, what 
system effic iency is required for a given quantity of water. There are 
other parameters which describe the performance of the application 
part of a system. These parameters indicate how the water is stored 
in the soil or distributed on the land. In this case, the root zone 
becomes the system and inflows, outflows, and changes in root zone 
storage must be considered. This is within the realm of agricultural 
engineering and has been described by Hall (1960, pp. 75, 76, 81) 
and Hansen (1960, pp. 55-57, 61,64). 
I 
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Figure 4. Irrigation water components (Jensen, 1967, p. 89). 
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Irrigation Efficiency 
Irrigation efficiency is the ratio of the volume of irrigation 
water necessary for crop use to the total volume of water diverted, 
stored, or pumped for irrigation. It is the product of three com-
ponent efficiencies which reflect losses in storage, conveyance, and 
application of water and may be written in the form: 
(1) 
in which 
EI = irrigation effie iency 
ES = reservoir storage efficiency 
EC = water conveyance efficiency 
E A = application efficiency 
the other terms will be defined. 
Reservoir Storage Efficiency 
Reservoir storage efficiency is the ratio of the volume of 
water discharged from the reservoir for irrigation to the volume of 
water delivered to the reservoir (surface and/or subsurface) for 
irrigation. 
ES = WOR (2) 
Wm 
in which 
ES = reservoir storage effie iency. 
WOR 
= water discharged from the res ervo ir or net outflow 
W IR = water delivered to the reservoir or net inflow 
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Wa ter Con veyanc e Eff ic ienc y 
Water conveyance effic iency is the ratio of the volume of 
water delivered by a conveyance system to the volume' of water 
diverted into the conveyance system at the supply source, or sources. 
(3) 
in which 
EC = water conveyance efficiency 
WOC = water delivered by the conveyance system 
W1C = water diverted into the conveyance system 
Application efficiency 
Application efficiency is the ratio of volume of water consumed 
by evapotranspiration, plus that necessary to leach the soil of salts, 
plus that change in water stored in the root zone minus, the effective 
precipitation in a specified area to, the total volume of water delivered 
to the area (Jensen, 1967, p. 86). This general definition can be 
descr ibed mathematically. 
in which 
WET+WL + ~WS - Wp 
EA = W 
I 
, (4) 
= application p.fficiency 
= volume of water consumed by evapotranspiration 
= volume of water necessary to leach the soil of 
salts 
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D,.W 
S = change in volume of water stored in the root zone. It is negative if there is a decrease in water 
quantity; positive if there is an increase within 
the inter val of time. 
= volume of effective rainfall 
= volume of diverted water 
Other more traditional definitions are as follows: 
(5 ) 
or 
(6) 
in which EET' E l , W A and D,. W S are the same as defined previously. 
Under long term conditions, since WET is commonly estimated by 
field measurement of soil moisture, the two Equations (5 and 6) will 
be equivalent. For a short period of time, where steady-state does 
not exist, the quantity D,. W S (or consumptive use between soil-
moisture measurements) will have a significant effect (Jensen, 1967, 
p. 85). Water applied in excess of crop needs and stored in the root 
zone will be efficient in Equation 6 but will be inefficient in Equation 
5. This discrepancy can only be determined by measurement tech-
niques of WET other than by soil sampling. Since more refined 
techniques are usually financially infeasible, the discrepancy is 
usually undetermined. Finally, for experiments in which the pre-
cipitation (Wp) is accounted for, and in locations where leaching 
water (W L) is insignificant, the three equations (4,5, and 6) become 
compara ble. 
In common hydrologic practice, a coefficient (less than one) 
is applied to the actual precipitation volume to account for runoff 
percolation, and evaporation from the soil surface. In this study, 
a coefficient of unity is attached to the precipitation falling on the 
cropland. In arid areas, where the total growing season precipi-
tation is light, the moisture level in the soil profile at the time of 
precipitation is usually such that almost all of it enters the soil pro-
file and becomes available for consumptive use (U. S. Dept. of Agri-
culture, 1964, p. 24). 
The volume of water necessary to leach the soil of salts is 
neglected in this study. Leaching requirements should be considered 
when drainage is restricted or when the available irrigation water is 
efficiently used, especially in saline and alkali soils. If application 
10 s s es are high resulting in large quantities of water pas sing through 
the root zone, estimates of leaching have little practical significance. 
Also, in cases where water application efficiencies are highly vari-
able or where a uniformity of water is not controlled, precision in 
the leaching requirement is unimportant (Richards, 1954, p. 38). In 
Utah Valley, application losses are high and application efficiencies 
are variable (Israelsen, et al., 1944) hence, W L will be neglected. 
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The terminology for describing efficiency differs depending 
upon the point of measured input to the area under consideration. The 
commonly used efficiency .terms are summarized in Table 5. In this 
study , project efficiency will be considered synonymous with irri-
gation efficiency. 
Reservoir Storage and Water Conveyance Efficiency 
This section will consider the present status of reservoir and 
water conveyance efficiency. There are four sources of storage and 
conveyance losses: seepage, operational waste, surface evaporation, 
and phreatophyte transpiration. 
Seepage 
Seepage, as used herein, . is the quantity of water which is lost 
from a storage or conveyance fac ility or system through subsurface 
percolation. It does not include deep percolation from agricultural 
lands. 
The limited amount of detailed data on seepage has been a 
hindering factor in the analysis of seepage phenomena and the deter-
mination of conveyance losses. Seepage rate measurement by means 
of pres ent methods of pondage, seepage meter, and inflow -outflow 
are expensive. Seepage losses vary widely and may represent a 
considerable percentage of the flow. Houk summarized expected 
seepage losses in large projects varying from 15 to 45 percent of 
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Table 5. Supplemental effic iency term inology ~ 
Item Location of Designation Symbol 
~. Mea s ur ement 
1 Field Field -irr igation ' EA 
effic iency 
2 Farm headgate Farm -irrigation EA 
efficiency 
3 Reservoir or Project -effic iency Er 
water course 
aBlaney and Criddle , 1964, p. 30. 
diversions for mostly unlined canals (Houk, 1951, p. 392). In long 
unlined canals, the losses may be as high as 50 percent (Israelsen, 
et al., 1946, p. 9). Seepage rates fo r the same type of canal 1 in ing s 
in different areas may vary by a factor of 10 (U. S. Dept. of Interior, 
1963, pp. 20-22). 
Estimates conducted by the Bureau of Reclamation in the 
southern part of Utah Valley (in conjunction with the Central Utah 
Project) show that seepage los ses in the major canals of that area 
vary from 4 to 14 percent of the diversions. These seepage losses 
were estimated by the use of the "Moritz Formula" (U. S . Dept. 
of Interior, 1964 b , p. 211): 
in which 
S = 0 . 2C,,~ (7 ) 
S = seepage 10 s s in cubic feet per second per mile 
of canal 
Q = discharge of canal ~ cfs 
V = velocity of flow, in feet per second 
C = depth of water lost through the wetted area in 
24 hours 
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This formula appears to be purely empirical and nonstandardized. 
The Bureau references on water measurement and lining (U. S. Dept. of 
Interior, 1963; U . S . Dept. of Interior, 1967) do not include this formula. 
A list of conveyance losses and efficiencies is contained in Table 6. 
The "administrative loss" corresponds to operational loss. The conveyance 
Table 6. , Estimated conveyance efficiency for Southern Utah Valley and 
a 
Northern Juab Valley • 
Bureau of Convey- Adminis - Total Conveyance 
tR e clama tion ance loss trative losses, efficiency 
project area in percent loss, per- percent percent of 
of diversion cent of of diversion 
diversion diversion 
Spanish Fork 12 5 17 83 
Goosenest 4 0 4 96 
Santaquin 6 0 6 94 
Mona 10 0* 10 90 
Nephi 14 0'" 'I' 14 86 
West Mona 10 O>:c 10 90 
Elberta 14 0* 19 81 
a U. So Dept. of Interior g 1964b, p. 211. 
* No administrative loss included because of terminal storage in Mona 
, Reservoir. 
losses vary froITl 4 to 14 percent, with the greatest losses being 
estiITlated for the Nephi and Elberta areas. 
Unlined earth channels are ITlore prevalent than any other 
type in irrigation systeITls. These have the advantage of low cost, 
but have the disadvantage of high seepage, ITlaintenance, and control 
probleITls (U. S. Dept. of Agriculture, 1967, p. 3-48). The lining 
of canals or use of pipelines are possible solutions to heavy seepage 
losses as well as other conveyance probleITls. The ultiITlate change 
in water conveyance will be the use of pipelines. The liITliting factor 
is the high initial cost which ITlay be two to ten tiITles as ITluch as lined 
canals (Lauritzen, 1965) . 
Operational Waste 
Operational waste consists of leakage at canal gates, inten-
tional and unintentional release of water during conveyance, and ITlis-
ITleasureITlents. Reasonable was te are of the order of 5 percent of 
the diversions (Jensen, 1967, p. 92). On large projects, wastes ITlay 
vary froITl 5 to 30 percent in areas of aITlple water supply and 1 to 10 
percent in areas having a liITlited water supply (Houk,. 1951, p. 392). 
Evaporation 
Evaporation froITl surface res ervo irs is generally a very 
significant loss. In the 17 western states evaporation losses froITl 
large lakes and reservoirs aITlount to an estiITlated 14 ITli1lion acre-
feet (StaITlITl, 1964, p. 84). In Utah the estiITlated fresh water surface 
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evaporation amounts to 850, 000 acre-feet per year. In the Great 
Salt Lake Basin (not including the Great Salt Lake), the evaporation 
los s accounts for an estimated 620, 000 acre -feet annually (Utah State 
Univ., 1963, p. 19-20) . The mean summer (April to October) evap-
oration from shallow lakes and reservoirs in the Utah Lake drainage 
area is about 40 to 50 inches (Schwab, 1966, p. 77). In the Utah Lake 
drainage area f about 353, 000 AF per year is evaporated from fresh 
water surfaces. For the Great Salt Lake Basin (not including the 
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Great Salt Lake) principal stream.s and canals account for an estimated 
24 , 800 acre-feet of evaporation annually. This is about 4 percent of 
the total estimated evaporation from all fresh water surfaces in the 
area. Estim.ates of evaporation in the Utah Lake drainage area are 
listed in Table 7. 
Phr ea to ph yte s 
Evapotranspiration from nonbeneficial plants results in signif-
icant consumptive losses in semi-arid regions. This factor is only 
indirectly considered in the demand calculations presented in Chapter 
4. In the Utah Lake drainage area hydrologic inventory, the return 
flows from agricultural croplands are distributed over nonproductive 
lands. In addition, there are many nonbeneficial plants which occupy 
the beds and banks of canals and ditches, thereby depleting the water 
supply. 
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Table 7. Estimated evaporation from rivers and canals and reservoirs 
and phreatophyte evapotranspiration in the Utah Lake drainage 
area.
a 
Phreatophyte 
Area or Subarea Evaporation, AF/'yr eva potranspira tioIl 
River & Canal Reservoir AF/yr 
Heber-Francis 1,200 11, 900 
Deer Creek Res 0 - -- -- 6,000 ------
Utah Valley - - - -- 63,380 
Utah Lake - - - -- 341,000 ------
Lehi- Am. Frk. - ---- ------
Provo - -- -- ------
Spanish Fork - - --- ------
Northern Juab -- - -- 1, 600 
Mona Res. - - - -- 3, 100 ------
Utah Lake drainage 1, 200 353, 000 76,900 
a 
Hyatt, et al., 1968b. 
Robinson (1958, p. 1) has estimated that phreatophytes (desert 
plants which draw water directly from groundwater) cover 16 million 
acres in the 17 Western States and discharge as much as 25 million 
acre-feet of water into the atmosphere annually. A recent study in 
Malad Valley, Idaho, estimated that phreatophytes, densely covering 
16,000 acres, consumed an estimated 37,200 acre-feet per year (2 . 3 
AF / A). About 23, 000 acre -feet is drawn from the capillary and 
phreatic zones . The quantities were based upon field estimations of 
area and density of plants species coupled with consumptive use rates 
for various plant species as obtained from the literature (Mower and 
Nace , 1957). 
In Utah, a comprehens ive determination of the extent and kinds 
of phreatophytes is yet to be made. Gross estimates have indicated 
that 0.75 to 1.50 million acres exist. Assuming an area of 1.2 mil-
lion acres and an average net consumptive rate of 2 AF / A, this would 
result in an annual loss of 2.4 million acre-feet. Salvaging one-third 
of this quantity could potentially supply 200,000 acres or more, of 
agricultural land (Utah State Univ., 1963, p. 21). The quantity of 
water consumed by phreatophytes in the Utah Lake drainage area 
amounts to 7(J, 900 acre-feet (Table 7) covering 47,279 acres. The 
areal distribution of phreatophytes is shown in Table 3 for the various 
areas. 
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Reservoir Storage Efficiency 
The reservoir storage efficiencies depend on evaporation 
and base material (porous or cavernous rock and soil) characteristics. 
Average storage efficiencies are about 96 percent (U. S . Congress, 
1960 c, p. 4). Due to high evaporation losses in the Great Basin, 
the efficiency in this area can be expected to vary considerably. 
The average storage efficiency of Deer Creek Reservoir is 99 per-
cent, while the average storage efficiency at Mona Reservoir is 83 
percent. Of significant importance to water resource development 
in Utah is the very poor storage efficiency of Utah Lake which is 
44 percent (Hyatt, et al., 1968 b). 
Water Conveyance Efficiency 
In the entire U. S., the conveyance effic iency averages about 
65 percent (Stamm, 1964, p. 88). According to Golze, Bureau of 
Reclamation records for 6 years of representative projects show 
average effic ienc ies for water delivered to farms (average area 
irrigated per project was 1.29 million acres) was 58 percent (Golze, 
1946, p. 165). 
In contrast, the Bureau of Reclamation estimates the con-
veyance effic ienc ies of rna in canals in Southern Utah Valley to vary 
from 81 to 96 percent (U. S. Dept. of Interior, 1964 b, p. 211). 
The figures were previously presented in Table· 6. 
In the literature survey, only one quantitative published 
figure on conveyance efficiency and seepage losses in the Utah Lake 
drainage area was encountered. In connection with canal lining 
studies " field investigation of seepage losses on the Provo Reservoir 
Canal was conducted along its 22 mile length. The total seepage 
loss was approximately 1 percent of the flow (about 200 cfs at the 
time of measurement) within a probable error of 2 to 3 percent. 
The limitations of measurement was such that although certa in lands 
below the canal were waterlogged, the data did not indicate a loss 
(Lauritzen and Israelsen, 1949 , pp . 29, 30, 37, 38). 
Application Effic iency 
Exper iments 
There were 16 application efficiency studies consulted. The 
three general types of experiments were controlled, marginal con-
troHed s and field ex·per iments . In the controlled experiments all 
irrigation facilities and techniques were controlled by the investi-
gator The field experiments were conducted on existing farmland. 
Marginal controlled experiments were conducted on experimental 
plots but statistical techniques were not applied ' in order to obtain 
unbiased estimates (see Steel and Torr.ie, 1960, pp. 88-89). The 
experiments also varied in the defin ition of application efficiency ~ 
The inclus ion of consumptive us e between measurements (.6 W S) was 
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significant in the study of Fuhriman (1951). A list of the application 
studies is shown in Table 8. Three studies were located in Utah 
(Bagley, 1965; Criddle ~ 1958; and Israelsen, 1944). Israelsen (1944) 
conducted the only experiment in the Utah Lake drainage area. 
The results may be sub-divided according to type and the 
method of irrigation. The methods of irrigation include sprinkler 
and surface (check flood, burrow, basin, etc.). The results are 
summarized in Table 9. The resulting "averages" are to be taken 
as guides rather than absolute values. Although the efficiency values 
have been divided into categories, the great differences in experi-
mental procedures and environmental conditions make comparison 
difficult. Under controlled conditions, the surface irrigation methods 
attain efficiencies exceeding 70 percent, while sprinkler irrigation 
methods exceed 80 percent effic iency. Sprinkler methods may be 
expected to yield higher efficiencies. The reasons are principally 
due to less runoff and less skill required by the operator in control-
ling water quantity and direction of flow than in surface irrigation 
methods. Under field conditions, the effic iency for surface methods 
drop to about 45 percent. This decrease of 35 percent between con-
trolled and field conditions in surface irrigation methods may be due 
to farm-irrigation management practices. 
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The application efficiency studies were written from an agricul-
tural engineering viewpoint. The emphasis was placed on experimental 
f±l 
Table 8-:; . List of application efficiency studies 
Study Type Efficiency 
Equation 
Bagley (1965) Field 6 
Beckett (1930) Field 6 
Blane y (1942) Field 6 
in Cannell (1962) 
Criddle (1958) Field 5 
Currie (1959) Field 4 
in Hyds on (1962) 
Erie (1954) Marginal controlled 6 
Fuhrilnan (195l) Field 4 
Israelsen (1944) Field 6 
Kruse (1962) Controlled 4 
Mar sh (1956) Field 6 
Meyer (1956) Field 6 
Pair (1962) & Marginal controlled 6 
Myers (n" .d . IV 
Schoenleber (1943) Marginal controlled 6 
SOITlerhalder (1958) Controlled 6 
S to r k (195 9 ) Marginal controlled 6 
Swarne r (1963) Field -
Table 9. Summary of application efficiency studies. 
Type Effic ien.cy Method Number . Application 
Equation of of Effic i-ency, 
Irrigation Averages percent 
Field 4 Surface 2 51 
5 Surface 1 44 
b 
6 Surface 13~ ': 46 
Sprinkler 1 ,'. 72 
Marginal 
controlled 6 Surface 8 57 
Sprinkler 4 ~· 57 
Controlled 4 Surface 1 72 
Sprinkler 1 84 
6 Surface 1 74 
Sprinkler 1 82 
a The sprinkler irrigation results reported by Beckett (1930) are of 
doubtful value due to the advance of sprinkler equipment. Only 
the results by Bagley (1956), for winds less than 5 mph, is 
included. 
b 
Includes Fuhriman' s (1951) uncnrrected value. 
-- c Includes Schoenleber' s (1943) overhead spray and rotary spray 
methods. 
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methodology and the immediate effects of water conservation in 
relation to the farm. There was no information on the practical 
consequences of obtaining high application efficiency throughout a 
large bas in. 
Utah Valley Study 
Israelsen's study (1944) shows the practical field efficiencies 
which are commonly obtained in the Utah Lake drainage area. The 
mean efficiency value for Utah County areas (including three soil 
types) is about 39 percent, but there was a great deal of variation 
of values. 
The method of determining the efficiency follows: 
(l) The so il moisture content : before irrigation . was deter-
mined. A representative soil sample was taken from each 
foot of the core sample. 
(2) Water was applied. The flow in cfs and time of irrigation 
in hours was measured. 
(3) Soil samples were collected again after one or two days 
for moisture content determination. 
(4) Weight of dry soil in root zone was determined. 
(5) Area of plot covered was measured. 
(6) Crops were noted and root zone depths were assumed. 
(7) The efficiency was calculated by Equation (~) as discussed 
previously (Israe1sen, et. al., 1944, p. 13) " 
The farms investigated were classified according to soil type 
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and drainage characteristics. In Utah County there were three clas ses: 
Class I--gravelly to sandy loam , shallow coarse textured topsoil 
underlain with gravel and well drained " ClassII- -medium loam and 
fair to good drainage, and Class III--fine textured soils and impaired 
drainage. 
For Class I land, the range of effic iency was 6 to 92 percent 
with an average of 38 percent. The dominant factors contributing to 
low application efficiency in 30 tests (77 percent of total) which were 
below 50 percent were excessive application of water (14) and uneven 
distribution of water (7) . In Class II land, the range of efficiency 
was 8 to 93 percent with an average of 44 percent. The major factors 
contributing to efficiencies lower than 50 percent in 60 tests (67 
percent) were uneven water distribution (20), high moisture content 
before irrigation (15) and excessive depth of water applied (13) . For 
Class III land, the range of efficiency was 9 to 85 percent with an 
average of 34 percent. In these lands, the dominant factors con-
tributing to efficiencies less than 50 percent (12 tests or 75 percent) 
were excessive depths of water, extensive water spreading, and high 
moisture content before irrigation. 
The application effic ienc ies of the eleven Utah County farms 
were not representative because of the widely varying irrigation 
methods and practices although the so il type and irrigation conditions 
were representative of the area. A relationship of the water 
application _ ,efficiency and , the ,depth of aLPplie':d water was 
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determined (Figure 5) . For depths exceeding 5 inches, the efficiency 
was less than 50 percent. 
Israelsen concludes that the factors which are controllable by 
the irrigator contribute largely to low water application efficiencies: 
(1) Preparation of land for irrigation. 
The irrigator commonly runs water down steep slopes of 
4 ' l percenJ~ o~ hlghe'r ; resulting in exceS'sive "erosion'~' 
i-nsufficient ,per,colation 'and large runoff.. 
(2) Methods of water application. 
The irrigator commonly uses flooding techniques which 
may be obsolete and not suitable for the given conditions. 
(3) Time rate of water application . 
On some farms, the application rate was so slow that 
much water is lost into the subsoil before reaching the 
end of the field. 
(4) Surface runoff losses. 
Excessive water application resulted in large runoff 
losses and lack of water control by the irrigator. 
(5) Soil moisture content before irrigation . 
Irrigators frequently applied water when the root zone 
was near field capacity. This caused excessive deep 
percolation. 
(6) Volume of water applied at each irrigation. 
Farmers applied more water than actually needed. 
(7) Available water supply. 
Farmers tend to over -apply water in times of plentiful 
supply which reduces efficiency . 
(8) Personal attention to water distribution. 
Irrigators commonly leave the irrigation to inexperienced 
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help or entirely neglect irrigationv,.(Israe1sen, et. al., 1944, p. 1.5,. 
Estimates 
There are many estimates of application efficiencies made at 
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Figure 5. Relation of water application efficiency to irrigation 
water depths for Utah County (Israels en, et al. , 
1944 .. p. 53) . 
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various times and places . They may be conditionally accepted pro-
vided their limited accuracy is noted . Experimental verification may, 
in certain situations, be neces sary. 
Ames. The Ames Company has published average expected 
values of irrigation operation efficiencies for surface and sprinkler 
methods of irrigation (McCulloch, et al., 1967). Values for surface 
methods according to soil and grade are contained in Table 10 . 
Estimates of sprinkler efficiencies are contained in both Ames and 
Woodward. They vary from 58 to 80 percent (McCulloch, et al. , 
1967" p . SMF -3) and 65 to 95 percent (Woodward 1959,_ p. Ill) 
Depending primarily on wind and soil conditions . 
Department of Agriculture. In 1960, the U . S. Department 
of Agriculture estimated the water requirements for irrigation ac-
cording to water resource regions, including the Great Basin. Esti-
mates were given for the efficiencies and necessary quantities at 
different years . For the Great Basin area (Table 11), the application 
efficiency was estimated at 45 percent for 1954; in 2000 it was esti-
mated at 60 percent , an increase of 15 percent in 46 years. Also, 
the estimated water duty decreas e from 4 . 2 acre -feet! acre (AF! A) 
in 1954 to 2 . 9 acre -feet! acre in the year 2000 (U . S . Congres s , 
1960 b , p . 66-68) . 
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Bureau of ReclamatiQn . The Bureau of Reclamation estimated 
application and conveyance losses on the farm in connection with the 
48 
.... , 
Table 10. , Estimated application efficiencies for surface irrigation 
a 
methods • 
Site condition Borders Furrows Flooding Basins 
or <iJorru- with 9rade 
gations Ditches 
1. Sandy soils 
(a) Well graded to 
optimum grade 60 40-50 45 70 
(b) Insufficient grade 40-50 35 30 --
(c) Rolling or steep -- 20-30 20 --
2 . Medium textures --
deep 
(a) Well graded to 
optimum grade 7.0 -7'5 · 65 55 70 
(b) Insufficient grade 50-60 55 45 - -
(c) Rolling or steep - - 35 35 - -
3. Me di urn textur e s 
shallow 
(a) Well graded to 
optimum grade 65 50 45 60 
(b) Insufficient grade 40-50 35 35 --
(c) Rolling or steep -- 30 30 - -
4. Heavy Soils 
(a) Well graded to 
optimum grade 60 65 50 60 
(b) Ins ufficient grade 40-50 55 45 - -
(c) Rolling or steep 
--
35-45 30 - -
aMcCulloch, 1967 , po SCR-3,· 
a 
Table 1 L Annua 1 water r equir ements for the Great Bas in water resource region . 
-
Year Required on Farm Req'd for Diversion Est. Re- ;rotal Irrigation I 
I 
covery of Reg uirement I 
Net re- Appli- Total Storage Total Los ses, ac-in/a AF/P. 
quired cation Req'd & Deliv- Req'd Percent 
by Plant, Effie - ac-in/a ery Ef- ac - in/a 
ac-in/a iency ficiency, 
Percent Percent 
I 
1954 21 45 47 55 85 55 50 4.2
1 
1980 21 55 38 60 63 55 40 3~3 
2000 21 60 35 65 53 55 35 2.91 
Net 
change 
1954-
1980 0 +15 -12 +10 -32 0 -15 -1.3 
-
- -- - -- -- - - -- - '------ - - ---~ - - - - - -- ---- - - ---- - - ---- -- -- - -------
-
a u . s . Congress, 1960 b, p. 66-68, Dept. of Agri . estimates. 
~ 
-..0 
Central Utah Project. The efficiencies varied slightly according to 
land classification, of which one component was soil type (Table 12). 
The Wasatch Front and Heber -Kamas areas differed from each other 
in some of the specifications for land classification (i. e., depth to 
solid rack, uniform slopes, length of irrigation runs) but the soil 
type and the estimated water losses for the corresponding classes 
rema ined constant. 
The application efficiencies estimated by the Bureau of Rec-
lamation. are dependent upon the relative percentage of the land clas s. 
The percent of land class is multiplied by the farm efficiency for that 
class in order to obtain the weighted farm efficiency. The sum of 
the weighted farm efficiency for all classes yields the total farm 
efficiency for the area. These farm efficiencies are summarized 
in Table 13. The range of 51 to 59 percent appears high in relation 
to Israelsen' s study (1944) and other field studies . 
Improvement of Application Effie iency 
The principal contributors to application efficiency are the 
factors of irrigation system design and irrigation system operation 
(Berg , 1960; Finkel, 1960; Houk , 1951). Ultimately, the individual 
irrigator's responsibility will have the greatest affect on water 
application efficiency, particularly when surface irrigation methods 
are utiliz ed . Bas ic points are: 
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Table 12. Farm irrigation losses and efficiencies for land classes 
in the Wasatch Front and Heber -Kamas areas. a 
51 
Class So:H Type Farm Surface Deep Farm 
1 
2 
; 3 
a 
Ditch W"aste, pereo - Effie iency, 
Seepage, 0/0 of 1ation, 0/0 of 
0/0 of diversion 0/0 of piversion 
Diversion Diversion 
sandy loam to 7-8 15-17 15 -1 7 60 
f:riable clay loam 
loamy sand to 7-10 15-25 15 -20 55 
very permeable 
clay 
loamy sand to 7 -12 20-30 15-25 50 
permeable clay 
U. S. Dept. of Interior, 1960 c, pp. 26,27; U. S. Dept. of Interior, 
1960 b, pp. 210, 319. 
Table 13. Farm efficiencies for the Central Utah Project. a 
b Area . 
Heber -Franc is 
(Franc is) 
(Heber) 
(Provo Bay) 
Spanish Fork 
(Gooseneck) 
(Santaquin) 
Goshen Valley 
(Mosida) 
(Elberta) 
Northern Juab 
(Mona) 
(West Mona) 
(Nephi) 
Total F.arm 
Eff ic ienc y, 
: ' ercent 
51 -52 
(52) 
(51 ) 
(59) 
56 
(55 ) 
(56) 
56 
(56) 
(56) 
55-56 
(56) 
(55 ) 
(55) 
a 
U . S . Dept. of Interior, 1964 b, pp. 210, 319 . 
b U. S . Bureau of Reclamation project areas in parentheses. 
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(1) Determination of water need. 
The irrigator must be aware that moisture is being depleted 
from the root zone. He should know the proper time to 
irrigate. Both the soil character and water content is 
integrated in the measurement of matric potential by 
tensiometers or resistance blocks. (Taylor, 1965,::. p. 433) 
(2) Control of quantity. 
The irrigator must be certain of the quantity of water 
received by means of flow measuring devices such as 
weirs and flumes. Upon application, he should control 
the quantity applied through adequate stream sizes or 
nozzle openings. 
(3) Uniformity of application. 
The greater the degree of uniformity, the more effic ient 
will be water use with consequent benefits to both crop 
and soil. If topography does not permit increased uni-
formity, then leveling must be done or more suitable 
irrigation methods (such as sprinkling) must be employed. 
(4) Personal attention. 
Without a reasonable amount of personal attention to the 
quantity and uniformity of application, a high degree of 
efficiency cannot be expected o(Berg, 1960, p.71-'82) , 
The latitude in individual action with respect to the above 
four factors prevents specific quantitative assessment of their affect 
on efficient water use. The generalization is that the difference 
between the application efficiencies obtained in the field and those 
obtained by investigators under controlled conditions reflect the 
degree of possible improvement. In addition t it is clear from the 
figures given, that among the three components of irrigation effi-
ciency (reservoir, conveyance, and application) the application 
efficiency is highly variable, difficult to estimate, and the most 
influential in the resultant irrigation effic iency. 
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Estimated Efficiencies for Study Area 
The previous discussion of efficiency shows the limited amount 
of data that exists in general and particularly in the Utah Lake drain-
age area . The dearth of data is largely due to the expense involved 
in determining the seepage losses and soil moisture content. In the 
absence of more concrete and current data on conveyance and appli-
cation efficiencies , the present figures for the Utah Lake drainage 
area are subject to the disadvantages of estimation. The present 
efficiencies of the Utah Lake drainage area were obtained from the 
hydrologic inventory conducted by the Utah Water Research Labor-
atory. The conveyance and application efficiencies were esti~ated 
by considering primarily the U . S . Bureau of Reclamation figures 
(contained in Tables 8 and 13 but supplemented by the other infor-
mation previously presented). 
In the Utah ValleY Il a conveyance and application efficiency 
was individually assigned to the various canal company service areas 
(see the Appendix) . The estimated efficiencies for the Lehi-American 
Fork,. Provo D and Spanish Fork districts were calculated by weight-
ing the conveyance and application effic ienc ies of the canal company 
service areas according to their diversion quantities D adding the 
products , and then dividing the sum by the total diversion for the 
districL The product of the application and conveyance efficiencies 
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Table 14 . Estimated efficiencies for Utah Lake drainage areas. a 
Area or subarea Conveyance Application Irrigation 
Effic iency Effic iency Effic iency 
EC' 0/0 E A , 0/0 E I, 0/0 
Heber -Kamas 69 47 32 
Utah Valley 80 46 37 
Lehi-American Fork 80 41 32 
Provo 78 45 35 
Spanish Fork 82 51 42 
Northern Juab 70 50 35 
Utah Lake drainage 78 46 36 
a Hyatt, et al., 1968 b , calculated . 
results in irrigation efficiency. The Heber, Kamas, and Northern 
Juab subareas were assigned overall application and conveyance 
efficiencies . The Heber -Kamas subarea, Utah Valley subarea, and 
the Utah Lake drainage area irrigation efficiencies were determined 
similarly to the districts except the component areas were districts 
and subareas instead of canal company service areas . The irri-
gation efficiencies range from 32 percent for Heber -Kamas to 42 
percent for Spanish Fork . 
The average conceivable range of conveyance and application 
efficiency that might be applied to the Utah Lake drainage area is 
shown in Table 15 . The figures were obtained by considering the 
information previously presented. 
Table 15. Estimated range of losses and efficiencies of conveyance 
and application. 
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Loss ~ :percent of Divers ion Effie iency, 
Percent 
Conveyance Seepage Operational 
./aste 
Closed pipeline 0 0-5 95-100 
Exposed hard surfaced or 
buried membrane linings 5-15 3-8 77-92 
Earth linings 10-20 5-10 70-85 
Unlined 15-45 5-15 40-80 
Application Deep Surface 
percolation Waste 
Sprinkler 15-30 5-20 50-80 
Surfac e methods 20-60 10-40 10-70 
CHAPTER 4 
IRRIGATION DEMAND 
Definitions 
Irrigation demand is the quantity of water necessary for 
agricultural operations considering the characteristics of the 
components of an irrigation system (see Figure 4). In this paper, 
demand is the absolute quantity of water at the supply source (or 
diversion point) necessary to satisfy crop water requireITlents, 
taking into account irrigation efficiency. Monthly deITland (DEM) 
is the total monthly crop potential consuITlptive use (SPCU) divided 
by irrigation efficiency (EI). 
The present ITlean diversion quantities will, when COITl-
bined with deITland , generally result in either a surplus or a 
deficit of water at the diversion point. The ITlonthly surplus (SR) 
and deficit (DF) considers the mean diversion~ root zone storage, 
and precipitationo In this study, a surplus is a negative quantity 
while a deficit is a positive quantity. 
The deITland, surplus, and deficit ITlay also be considered 
on an annual tiITle basinc The annual deITland (DEMA) is the 
addition of all ITlonthly deITlands (DEM)o The annual surplus (SRA) 
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and deficit (DFA) is the sum of all ITlonthly surpluses (SR) and deficits 
(DF). The annual quantity may be positive (deficit) although in certain 
months negative (surplus) quantities may exist. 
Finally, an annual quantity which results in a surplus 
or deficit that does not consider the effect of precipitation and 
root zone storage may be determined. The annual surplus 
(SRA2) and deficit (DFAZ) is the annual demand (DEMA) minus 
the annual sum of mean monthly canal diversions (CD). 
Computational Procedure 
A computer program was used to obtain the basic data 
of potential consumptive use (SPCU) and canal diversion (CD) 
on a mean monthly and mean ann ua 1 ba sis. The us e of the com-
puter was helpful in the analysis of the Utah Valley subarea be-
cause large amounts of data was involved. 
The Utah Lake drainage area was divided into subareas 
and districts for more effective analysis: 
Heber -Kamas subareas 
Utah Valley subarea 
Lehi-American Fork district 
Provo distr ict 
Spanish Fork district 
Northern Juab VaHey subarea 
In the Utah Va Hey subarea, there were 25 service areas of 
irrigation companies considered. Within each irrigation 
company area, monthly diversion records and crop acreages 
were available. The districts are composed of groups of irrigation 
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companies combined according to the source of diversion. Specific 
data is listed in the Appendix. 
The Heber and Kamas subareas were combined since they 
are both located on the upper reaches of the Provo River. Although 
irrigation companies exist ) in these subareas, the large quantities 
of return and seepage flows did not justify an additative process 
of indivIdual company diversions. Hence, one set of diversion and 
potential consumptive use was used for each subarea. The Northern 
Juab Valley subarea was treated as a unit area for diversion and 
consumptive use quantities. 
The period of record of the data was largely in the interval 
1945 to 1965 -(21 years). In certain areas, the years of record was 
shorter or longer (e. g., Northern Juab Valley, 30 years). 
The canal diversions (CD) for the Provo and Spanish 
Fork Rivers were obtained from river commissioner reports. 
On the other streams, data was secured from records of the 
U. S. Geological Survey, U. S. Bureau of Reclamation, and Utah 
State Engineer's Office. 
The consumptive use was estimated by the Blaney-Criddle 
method: 
u = k f 
U =2::k f 
in which u = monthly consumptive use of crop, inches 
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U ;z annual consumptive use~ inche s 
k ~ monthly empirical consumptive use crop 
coefficient (which varies according to crop) 
f :: monthly cons umpti ve us e factor 
The factor f is determined by the equation: 
f = tp 100 
in which t = mean monthly air temperature in degrees 
Fahrenheit 
p = monthly percentage of daylight hours in the year 
The factor k is determined by the modification developed by 
the Soil Conservation Service (U.S. Dept. of Agriculture , 1964): 
k = k k 
t c 
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in which k = climatic coefficient related to the mean air temperature, t 
t 
, I 
k :;; coefficient reflecting the growth stage or crop 
c 
The coefficient k is computeq by the equation: 
t 
k
t 
= Oo0173t- 0.314 
The coefficient k is determined by the use of curves for specific 
c 
crops 0 
The soil moi-sture capacity (SMC) was determined by the 
conjunctive use of soil maps developed by ': the Uo S. Bureau of 
Reclamation and estimates of root depths for each crop. The two 
factors combined resulted in the maximum volume of water that 
may be stored in the root zone. 
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After the potential consumptive use and diversions on a mean 
monthly and annual basin was determined, the demands, surpluse 's and 
:8eficits were cornputed'/ In-the calculations for surpluses . and 'deficits 
c:onsideri:n.g- r:oot . zone .. c-apa:city; ' there were eleven general assumptions: 
(1) 7'he soil moisture capacity is maintained constant.. This 
disregards the fact that certain crops are not consumptive 
users throughout the growing season. 
(2) The soil moisture content at the conclusion of the growing 
season is zero o The winter precipitation then builds the 
soil moisture content up to essentially capacity level. 
(3) The crop pattern has remained constant for the years of 
record. 
(4) The volume of water utilized by crops for evapotranspiration 
is determined by a modified form of the Blaney-Criddle 
methodo 
(5) The potential consumptive use is derived only for agricultural 
crops serviced by water originating from surface flows. Non-
agricultural lands and those croplands served by pumped 
groundwater and waste waters are neglected. 
(6) The full mean precipitation is used as effective precipitation. 
(7) Mean values of quantities are used throughout. 
(8) The excess volume of water lost through deep percolation, 
runoff, and seepage losses and through inefficiency is not 
utilized again in return flows over the cropland. 
(9) Effects of surface storage by canal companies and indivinual 
farmers are neglectedo 
(19) The irrigation efficiency remains constant throughout the 
growing seasono 
(11) The water is distributed uniformly within the area consideredo 
(U. S. Dept. of Interior p Bureau of Reclamation, 1964a , p . 19 1) ,.:: 
The monthly surplus (SR) and deficit(DF) are bas icall y 
calculated by the modification of the equation as described for the 
determination of application efficiency (Equation '4): 
EI 
in which 
SPCU - PCL + (SMC - ASMS) 
;s 
CD + DF 
EI = irrigation efficiency 
• (9) 
, SPCU = volume of water potentially consumed by 
evapotranspiration 
SMC ~ soil moisture capacity 
ASMS = accumulated soil moisture supply 
PCL = volume of effective precipitation 
{SMC - ASMS) ::t volume of storage available in root zone 
CD c volume of water diverted 
DF = volume of deficit 
There are several changes in the components of Equation 4. 
The volume of water potentially consumed by evapotranspiration 
(SPCU) replaces the actual estimation of evapotranspiration 
(WET). The lack of direct data, such as soil moisture samples 
and energe balance quantities, required the adoption of this 
method. The storage available in the root zone (SMC - ASMS) 
supplants the change in volume stored in the root zone (~W S). 
The monthly deficit (DF), or surplus (SR) if negative ~ is added 
to the denominator. Finally, irrigation efficiency replaces 
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application efficiency since the surpluses or deficits of a large area 
are considered.. The deficit (DF) or surplus (SR) may be equated: 
DF [or S~ = [SPcu - PC~I+ (SMC -ASMS)l - CD (10) 
When the quantity within the brackets on the right side of the 
equation exceeds the diversion (CD), then a deficit results; when 
it is less than the diversion, a surplus results. 
Basically, there are two situations which guide the 
computation: 
(1) The quantity [ .(SPCU -PCL)/EI] is less than the accumulated 
soil moisture supply (ASMS). The diversion (CD) is applied to 
fill the soil storage [(SMC-ASMS)/EI]. Any excess water 
greater than the soil moisture capacity (SMC) is recorded as a 
s urpl us .(SR). 
,(2) The quantity [ (SPCU-PCL)/EI] is greater than the accumu-
lated soil moisture supply (ASMS). The applied diversion (CD) 
then may be greater -than or less than the potential consumptive 
use deficit, PCUD or [(SPCU - PCL - ASMS) /EI ]. If the 
canal diversion (CD) is less than the potential consumptive use 
deficit (PCUD). the accumulated soil moisture supply (ASMS) is 
reduced to zero and a deficit (DF) is recorded. 
The nomenclature for the monthly surplus and deficit is 
summarized in Table 16 and the calculation process is shown in 
Figure 60 
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Table 16 . Nomenclature for monthly surplus and deficits. 
ACI 
AGSC 
ASMS 
ARZS 
CC 
CD 
CT 
DF 
DEM 
EI 
F 
GSC 
I 
PCL 
PCUD 
PDH 
PREC 
RZS 
SGSC 
SMC 
SMS 
SPCU 
SR 
STR 
TAVE 
TEMP 
=r Crop area o percent of total crop area 
= Crop growth stage coefficient 
= Accumulated soil moisture supply, AF 
= Adjusted water supply to root zones AF 
= Precipitation adjustment coefficient 
= Canal diversion, AF 
=r Temperature adjustment coefficient 
3; Monthly deficit , AF 
= Monthly demand, AF 
= Irrigation efficiency, fraction 
= Blaney-Criddle consumptive use factor 
= Crop area including growth stage coefficient, AF 
= Subscript denoting month 
= Adjusted prec ipitation on cropland, AF 
= Potential consumptive use deficit, AF 
= Percent daylight hours 
= Mean monthly precipitation, inches 
= Diverted water to root zone, AF 
= Growth stage coefficient 
= Soil moisture capacity, AF 
= Soil moisture supply, AF 
= Total monthly potential consumptive use, AF 
= Monthly surplus, AF 
= Storage in root zone available, A F 
= Adjusted monthly temperature, F 
= Monthly temperature, F 
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Read 66 
CC o CT , TAC , PDH ~ ACl pAGSC, E1 
GSC = AGSC ~:, ACI ~:, TAC/12 . 
Read TEMP 
F = TAVE ~:, FDH/IOO. 
DEM = SPCU/E1 
Read PREe 
ASMS (I) = O. 
[ at end of Oct. ; 
I = 1 (Nov) to 1 2 (0 c t ) ] 
ASMS (I) = 2, PCL 
Yes ASMS (I) ~ SMC No 
I ~ 6 
SR = SMC -ASMS (I) 
Yes cb [ April] No 
Figure 6 . Block diagram for monthly surplus and deficit . 
SMS = (SFCU - PCL) -ASMS (I) 
Yes ASMS (I) ~ (SPCU -PCL) No 
SMS = [ ASMS (I) - (SPCU -PCL)] 
PCUD = [ SPCU-PCL-ASMS (I)] lEI 
RZS = PCUD-DM 
Yes ~--------------~ No 
STR = (SMC -SMS)/EI 
Yes------------~ 
ARZS = RZS ~:~ EI 
DF = O. 
SR = O. 
SR = STR -RZS 
ASMS ( I + 1) = SMC 
ASMS (I + 1) = ARZS + SMS 
Flgur~ . 6 . ContinHed. 
No 
DF = RZS - CD 
ASMS (I + 1) = O. 
No 
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Irrigation Demand, Surplus, and Deficit 
Annual irrigation demand, surplus, and deficit 
The graphical results of annual irrigation demand, surplus, 
and deficit are shown on Figures 16 to 23. Plotted on a single 
sheet for each subarea or district are the quantities of annual 
irrigation demand (DEM), annual surplus (SRAZ) or deficit (DFAZ) 
neglecting root zone capacity, and annual surplus (SRA) or deficit 
(DFA) including root zone capacity at irrigation efficiencies (EI) 
from 20 to 70 percent. The significance of this set of plots is 
that an expected range of demand, surplus, and deficit is shown. 
The curve of DEMA shows the absolute quantity of diversion 
required to satisfy crop evapotranspiration given certain irrigation 
efficiencies. The curve of SRA or DFA shows how much additional 
or less water is required under present diversion, precipitation, 
crop, and root zone storage conditions 0 The intermediate curve 
SRAZ or DFAZ illustrates how much greater water quantities are 
required if the effect of root zone storage is neglected. A fourth 
possible curve may lie below that of SRA or DFA. This would 
consider the effects of all surface storage facilities and plentiful 
diversions during high water years. Since storage release and 
management is beyond the scope of this study, this level has 
been omitted. 
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In the Provo district, the curve (Fig. 19) for the surplus or 
deficit excluding root zone storage (SRA Z ,) DFAZ) is close to that 
of the surplus or deficit including root zone storage (SRA, DFA) 
for surpluses (SRAZ). This indicates that for surpluses the 
root zone storage has .little effect since it has lim.ited capacity. 
Hence, the net effect of root zone storage on surpluses will be 
sm.all if it rem.ains near capacity level. Another notable feature 
is that the SRA-DFA curve is discontinuous between irrigation 
efficiencies of 23 to 28 percent. This will be explained in connection 
with the sum. of m.onthly surpluses and deficits curves (Figure 34). 
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The rate of change from. lower to higher efficiencies decreases. 
A sm.all increase in efficiency at low efficiency decreases the 
surplus or deficit (SRA, DFA) m.uch m.ore than at high efficiency. 
A discrepancy exists between the values of the annual 
surplus or deficit (SRA? DFA) for the larger areas and the sum. 
of the subareas and districts at a given irrigation efficiency. The 
discrepancy here is defined as the surplus or deficit of the larger 
areas m.inus the surplus or deficit of the sum. of its com.ponent 
areas. For exam.ple, the sum. of the annual surplus or deficit (SRA, 
DFA) of the Lehi-Am.erican Fork plus Provo plus Spanish Fork 
districts will not, in general, equal the annual surplus or deficit 
for Utah Valley. The relationship between the discrepancy and 
irrigation efficiency is shown on Figure 23. This ' discrepancy may 
be explained in terms of root zone storage. At low efficiency, the 
surplus or deficit of the subareas approaches that of the larger area 
because the root zone storages have been nearly depleted for the 
crop months. This means that the root zones of both the area and 
its subareas are nearly depleted. In the middle efficiencies, the 
deficits of the subareas is greater than that of the larger area. 
This is because some individual areas may have depleted root zones 
which causes high deficits while other areas have essentially no 
deficit. Finally at high efficiencies, the deficit of the subareas 
is less than that of the larger area. The reason for this is that 
some individual areas have large surpluses while other areas 
have small deficits. The indication is that an analysis of a larger 
area tends to show much less fluctuation than the component areas 
since an equitable distribution of water within the time period is 
assumed. Superposition of the surpluses or deficits for the indivi-
dual areas is not permissible to obtain the surplus or deficit of 
the larger area. 
In view of the discrepancy, a more practical surplus or 
deficit is obtained by the summation of the value s of the component 
areas. The reason is the water over a large area such as Utah 
Valley will never be applied as uniformly as assumed in the cal-
culations 0 The greater var iability in the effect of root zone storage 
is reflected by the surn of the subarea surpluses or deficits. In 
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the subsequent refe"rences, 7 the sum of SRA or DFA for the Utah 
Valley subarea and the Utah Lake drainage area components will 
be designated as SRA or DFA. The computed surplus or deficit 
for the large areas will be designated as SRAS or DFAS, respec-
tively. 
Monthly surplus~ deficit 
The monthly surplus (SR) or deficit (DF) including root 
zone storage, diversion, and precipitation plotted against irriga-
tion efficiency in the range 10 to 80 percent are shown in Figures 
24 to 3 O. For each subarea or district, the months are separated 
into two sections in order to avoid confusion. 
The curves are discontinuous at zero net demand (zero 
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surplus or zero deficit). This may be explained by a specific example. 
In the Lehi-American Fork district, for the month of June and at 
10 percent irrigation efficiency, there is a deficit of about 24, 000 
acre-feet. The combined root zone storage and diversion is not 
sufficient to meet the potential consumptive use. Increasing the 
efficiency to about 15 percent causes the deficit to become zero. 
From about 15 percent to 43 percent irrigation efficiency, the 
root zone is filling up to capacity level, resulting in zero deficit. 
Beyond 43 percent, the additional water is in exces s of the 
quantity necessary for root zone storage and crop evapotranspiration 
and is recorded as surplus. 
In all areas, as expecte~, " the highest ' deIic'it is exerted 
during the month of July. The early crop months of April and 
May show surpluses at higher irrigation efficiencies. The re-
maining months exhibit deficits at low efficiencies which taper 
off to zero at higher efficiencies. A t any given efficiency, the 
sum. of the monthly surpluses (SR) or deficits (DF) will yield the 
annual surplus (SRA) or deficit (DFA) which were discussed pre-
viously. 
Annual ~ £f. surpluses and deficits 
The annual surplus (SRA) or deficit (DFA), including 
root zone storage~ diversion, and precipitation, does not show 
whether there is a maldistribution of water during the season at a 
given irrigation efficiency; there may be a zero annual surplus, 
but deficits (DF) may exist at midseason, while surpluses (SR) 
may exist at the beginning of the crop season. The curves of 
Figures 31 to' '37 show the annual sum~ of hoili the mont}1ly surpluse 
(SR) and deficits (DF). These curves may be compared with the 
annual surplus (SRA) and deficit (DFA) in Figures' 16 to 22 which 
were previously discussed. For example, for the Heber-Kamas 
subareas, at 35 percent irrigation efficiency, there is an annual 
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surplus (SRA) of 5000 acre-feet (Figure 16); but there exists a total 
deficit (L: DF) of 8000 acre-feet and a total surplus {L: SR) of 
13, 000 acre -feet. 
In the Utah Valley subarea and the Utah Lake drainage 
area curves (Figures 32 and 37 9 respectively) , there are two 
sets of graphs. In the solid-line curve ~ the assUITlption is that 
the water is uniformly distributed over the entire area; in the 
dashed-line curve the result is the sum of the surpluses or 
deficits of the component areas. As expected, the sum of the 
subarea quantities show greater surpluses (L:SR) and deficits 
(~DF). In the subsequent references, the results of the com-
ponent subareas will be referred to whenever quantities of these 
curves are cited" 
In the graph of the Provo district (Figure 34), the sum 
of the deficits (L:DF) and the SUITl of the surpluses (L:SR) do not 
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overlap over a common efficiency range. Thus, these curves are 
equivalent to a single annual surplus or deficit (SRA, DFA) curve 
given in Figure,19,s whIch. is also' disc6ntinuouso Amqng the ·subar.eas 
and districts described p the Provo district is unique in that there 
exists a range of irrigation efficiency in which there is both a 
zero surplus and deficit. 
Demand satisfied by diversions 
The percent of demand exerted by potential consumptive 
use at a given efficiency which is satisfied by present mean 
diversion, root zone storage p and precipitation may be deter-
mined. This 
PDEM 
or 
PDEM 
in which 
quantity is expressed as: 
DEM - DFA 
= x 100 .. (11) DEM 
DEM - SRA 100 ~ x DEM 
PDEM - percent of potential consumptive use satis-
fied by present mean diversion, root zone 
storage ? and precipitation at a given irriga-
tion efficiency 
DEM = mean annual irrigation demand 
DFA ::: annual deficit including root zone storage ~ 
diversion? and precipitation 
SRA :s annual surplus including root zone storage, 
diversion, and precipitation 
For a given irrigation efficiency? the annual surplus (SRA) or 
deficit (DFA) is determined from Figures 16 to 22 and then demand 
satisfied (PDEM) is computed.. The relation between irrigation 
efficiency and PDEM is shown in Figure s 38 and 39.. In general, 
as the irrigation efficiency increases, the percent of demand 
satisfied (PDEM) increases.. Similarly, a relation between annual 
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surplus or deficit .(SRA, DFA) and percent of demand satisfied (PDEM) 
m.ay be determ.ined. At a given irrigation efficiency~ SRA or DFA 
is obtained from. F tgure.S 16. to.,22 __ .a.nd:..P....DEM i.s_ deJertnine_d .kom. 
Figures 38 and 390 The qu~:ritities SRA and ; D.~A roug.hly vary 
inversely with PDEM as shown in Figures 40 and 41 for the 
subareas and districts .. The irrigation efficiency is not constant 
along the curve but decreases as the deficit (DFA) increases. 
All curves cross the abscissa at PDEM equals 100 percent. 
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CHAPTER 5 
WA'TER MANAGEM ENT POTENTIAL 
Water management may be defined as the application of tech-
nical and organizational skills in order to provide suitable and sui-
ficient water in the desired place and at the desired time for the 
intended use. The quantitative data presented herein are not combined 
with spec ific recommended management dec is ions. Ra ther, the da ta 
may be used to further certain administrative objectives for either 
reallocation of water or increasing water supply within the drainage 
area or conjunction with other adjacent drainage areas. This will 
involve technical improvements of conveyance and irrigation systems 
as well as ins titutional changes such as in law, econom ic s, and 
organization of distribution companies. 
In terms of management decisions, there are several vari-
ables which require consideration . These quantities are the surplus 
or deficit (SRA, DFA), the percent of demand satisfied (PDEM) and 
the irrigation efficiency (EI). In the Appendix, Figures 16 to 22 
show the relation of demand (PDEM) and surplus or deficit (SRA, DFA) 
at various efficiencies . In addition, Figures 38 to 41 show the 
relation of percent demand satisfied (PDEM), and mean annual sur-
plus or deficit (SRA, DFA) . These curves enable the investigator to 
determine the value of two variables, given one. The results derived 
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from the curves are summarized in Tables 17 to 23, which follow the 
example problems. 
Example Problems 
The use of the tables and graphs can best be explained in 
terms of spec ific examples. The Lehi- American Fork area will be 
considered. A set of small sketches of the three types of curves 
are shown in Figure 8 in order to illustrate the problems. 
Case 1 . Given a 35 percent irrigation efficiency, what is 
the percent of potential consumptive us e satisfied under present 
mean annual diversion and precipitation conditions and what is the 
additional annual diversion required to completely meet the demand? 
Refer to Figure 38. At a 35 percent irrigation efficiency, the present 
crop demand (P DEM) is 81 percent satisfied. The same information 
is contained in Table 21. Then refer to Figure 18 on the SRA -DFA 
curve . At a 35 percent irrigation effic iency, the additional annual 
diversion is 20, 000 acre-feet (AF). The same information is con-
tained in Table 18. This particular case is useful in determining 
the consequences of estimating efficiency for a given area. A com-
parison could be made of the net demands of two areas which differed 
in effic iency. 
Case 2 . Given an additional divertable quantity of 50, 000 
acre-feet (AF) what is the minimum irrigation efficiency necessary 
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Case 1. 
50 
20 
EI 
Case 2. 
(Figure 18.) 
Case 1. /' 
"" 
90 
81 
35 40 EI 
Case 3. 
(Figure 38. ) 
Case 3. 
50 
8 
66 PDEM 
Case 2. 
(Figure 40. ) 
Figure 7. Graphical technique in the solution of text 
example problems . (Figures are not to scale). 
to satisfy crop needs and what percentage of crop needs will this 
additional diversion satisfy? (Refer to Figure 18 on the SRA-DFA 
curve and Table 22.) At a demand of 50,000 AF, the required irri-
gation efficiency is 26.8 percent. Then refer to Figure 40. A 50,000 
AF available surplus will be equivalent to 66 percent already satis-
fied by the existing diversion (also shown in Table 20). Hence, the 
additional 50, 000 AF divers ion will satisfy 34 percent of the potential 
consumptive use, assuming the irrigation efficiency is 25.8 percent. 
A higher irrigation effie iency will result in a surplus. A solution 
similar to this may be used in the determination of irrigation effi-
ciency in the event imported water is available. 
Case 3. Given that a maximum 90 percent of the potential 
consumptive use is to be satisfied, what is the minimum irrigation 
efficiency required and what additional diversion is necessary. 
Refer to Figure 38. At 90 percent of DEM satisfied, the minimum 
irrigation efficiency is 40 percent as shown in Figure 38 and Table 
23. Then referring to Figure 40 and Table 23, the diversion required 
is 8,000 AF. A lower irrigation efficiency would result in a lower 
percentage of demand satisfied and a higher diversion necessary. 
This type of calculation may be used in cases where total satisfaction 
of crop needs may not be economically feasible. 
Case 4. Given a maximum of 90 percent of the demand to 
be satisfied and that a maximum of 35 percent irrigation efficiency 
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can be obtained, what is the necessary quantity which requires di-
verting? Refer to Figure 18 and Table 1 7 for the quantity DEM. 
At 35 percent irrigation efficiency DEM equals 105, 000 AF; 90 per-
cent of this quantity equals 94,500 AF. Then this requires 10,500 
AF to remain as demand. From Case 1 at 35 percent efficiency, the 
deficit is 20, 000 AF. Thus 9,500 (20, 000-10, 500) acre-feet re-
quires diverting. This cas e includes the use of multiple constra ints . 
The procedure in determining the quantities of the above 
cases 1 to 3 are summarized in Table 24. 
Limitation of Surplus and Deficit Quantities 
Caution is n~cessary in using the surplus and deficit graphs. 
The mean annual demands, as stated previously, represent the sum 
of the negative and positive monthly demands. A zero annual deficit 
is not indicative that monthly defic its are likewise zero. The diver-
sion pattern in practically all areas show high quantities diverted 
in April and May and low quantities in July and August. Additional 
information is required in order to determine the quantities of actual 
seasonal water surplus or shortage. For example, in the Lehi-
American Fork subarea at 50 percent irrigation efficiency, there is 
annual surplus of 6, 000 AF. However, the sum of monthly surpluses 
is 15, 000 AF and the sum of monthly deficits is 9, 000 AF . Refer 
to Figure 26 (Appendix) which shows that monthly deficits exist in 
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Table 17. Diversion demand (DEM) at various irrigation efficiencies (EI). 
DEM. 1 000 AF 
.. _\ \ 
Subarea or Ustrict/EI 20 25 30 35 40 . 45 50 55 60 
Heber -Kamas 1.8 2 1.47 121 1.04 : 91 80 73 66 60 
Lehi-American Fork 186 150 124 105 93 82 74 67 62 
Provo 234 189 156 134 11 7 · 104 94 85 78 
Spanish Fork 654 529 436 370 327 285 261 239 218 
Northern Juab 137 112 91 78 69 61 55 50 46 
Utah Valley 1074 868 7 16 609 537 471 429 391 358 
Utah Lake drainage 1393 1207 928 791 697 612 557 507 464 :-
65 
55 
56 
72 
200 
42 
328 
425 
70 
52 
53 
67 
187 
39 
307 
398 
00 
I--' 
Table 18. Annual surplus or deficit (SRA, DFA) at various irrigation efficiencies (EI). 
SRA (-) or DF A (+), 1000 AF 
Subarea or District! EI 20 25 30 35 40 45 50 55 
Heber-Kamas 53 26 8 - 5 -12 -17 -21 ::·24 
Lehi-American Fork 85 58 35 20 8 0 - 6 -1 1 
Provo 24 0 7 -29 -45 -58 -69 -78 
Spanish Fork 344 245 170 120 81 55 33 17 
Northern Juab 86 65 49 38 30 25 20 16 
Utah Valley 461 303 198 1 11 47 - 3 -42 -72 
Utah Lake dra inage 592 394 255 144 62 5 -43 -80 
Utah Valley , SRAS or 450 290 160 80 20 -20 -40 -60 
DRAS 
Utah Lake drainage SRAS 560 340 190 90 20 -30 -70 -90 
or DFAS 
60 65 
-26 -28 
-15 22 
-85 -92 
0 -18 
12 9 
-100 -130 
-114 -149 
-70 -80 
-110 -120 
70 
-29 
-20 
-99 
-28 
6 
-149 
-172 
-90 
-130 
00 
N 
Table 19. Annual surplus or deficit (SRA, DFA) at various percent diversion demand satisfied (PDEM). 
SRA (-) or DF A (+), 1000 AF 
Subarea or District/PDEM 50 60 70 80 90 100 110 120 130 140 
Heber -Kamas 31 15 0 -10 -17 -22 -26 
Lehi-American Fork 69 40 20 8 0 - 8 -13 -18 -21 
Provo 24 0 -16 -29 -39 -47 
Spanish Fork 288 170 104 56 25 0 -18 
Northern Juab 38 24 15 08 
Utah Valley 390 240 130 60 0 -40 -70 -100 -130 
Utah Lake dra inage 520 320 170 70 0 -60 -100 -130 -160 
150 
-28 
00 
N 
p.l 
Table 20 .' Percent diversion demand satisfied (PDEM) at various annual surplus or deficit (SFA, DFA), 
PDEM, percent 
Subar ea 0 r Dis tr ic t 
SFA or DFA, 
/ 1000 AF . -40 -30 -20 -10 0 10 
Heber -Kamas 125 110 100 93 
Lehi-American Fork 137 115 100 89 
Provo 132 121 112 106 100 95 
Northern Juab 100 76 
d' , / SFA or DFA, Subarea or istrict 1000 AF 
-15 -10 -5 0 5 10 
Spanish Fork 100 82 71 
Utah Valley 130 113 100 91 84 
Utah Lake drainage 136 121 109 100 92 86 
Table 20. (Cont. ) 
, , / SFA or DFA, Subarea or district 1000 AF 20 30 40 50 60 70 
Heber -Kamas 86 80 75 
Lehi-American Fork 81 75 70 66 62 59 
Provo 91 
--
Northern Juab 64 56 
, , SFA or DFA, 
Subarea or district / 1000 AF 15 20 25 30 35 40 
Spanish Fork 63 57 53 
Utah Valley 78 74 69 66 63 59 
Utah Lake dra inage 82 78 74 71 68 66 
00 
VJ 
Table 21. Percent diversion demand satisfied (PDEM) at various irrigation efficiencies (EI). 
PDEM, Percent 
Subarea or District / EI 20 25 30 35 40 45 50 55 60 
Heber -Kamas 71 82 93 104 113 121 129 136 143 
Lehi-American Fork 54 61 62 81 90 99 108 116 124 
Provo 90 100 104 121 138 156 163 192 209 
Spanish Fork 48 54 60 68 75 81 88 93 100 
Northern Juab 37 42 46 51 56 59 64 68 74 
Utah Valley 58 65 72 82 91 99 110 119 128 
Utah Lake drainage 58 67 67 82 91 99 108 116 125 
65 
150 
135 
228 
109 
79 
139 
135 
70 
156 
141 
248 
115 
85 
148 
143 
00 
~ 
Table 22. Ir.rigation efficiency (EI) at various annual surplus or deficit (SRA, DFA). 
EI, Percent 
SFA or DFA, 
Subarea or Dis tr ict / 1000 AF -40 -30 -20 -10 0 
Heber -Kamas 48.4 38.3 33.0 
Lehi-American Fork 66.5 53.0 45.0b Provo 38. 5 35 . 3 32.8 30 . 5 23.0 
Northern Juab 90 
a 
SRA or DFA, 
Subarea or District/ 1000 AF -150 -100 -50 0 50 
Spanish Fork 60.0 46.0 
Utah Valley 70 60.0 51.5 44.5 39. 5 
Utah Lake drainage 65.0 57.3 50.4 45.2 40.6 
10 
29.2 
38.9 
21.5 
64.0 
100 
37.5 
35.4 
37.3 
00 
lJ1 
Table .22. Continued. 
SRA or DFA, 
Subarea or District/ 1000 AF 20 
Heber -Karn.as 26.0 
Lehi-Arn.erican Fork 34.9 
Provo 20.3 
Northern Juab 50.0 
SRA or DFA, 
Subarea or District/ 1000 AF 150 
Spanish Fork 32.0 
Utah Valley 32.0 
Utah Lake drainage 34.5 
a 
Extrapolated value 
b 
23.0 to 28.5 
30 40 
23.0 20.5 
31.8 29.0 
40.5 34.0 
200 250 
27.8 24.5 
39 . 5 24.2 
32.0 3 O. 0 
50 60 
26.8 34.8 
29.9 26.5 
300 350 
22.0 
25.2 23.5 
28.0 26.5 
70 
22.9 
23.8 
400 
22.0 
25.0 
00 
U1 
P> 
Table 23 Ir rigatIon eff ic iency (EI) at various percen t d iversiun deITland sat i.sf ied (PDEM) 
E l, percent 
Subarea or D istr ic t / PDEM 50 6 0 70 8 0 90 100 110 120 130 
Heber - KaITlas 23 .. 5 27 . 5 33 , 0 38 . 5 44 . 5 50 . 5 
Leh i -AITle :cican Fork 23 . 0 .28 , 7 34 . 3 40 , 0 45 . 8 r; 1 . 5 57 . 0 62 . 9 
P r ovo 20.0 23. of 32 . 0 35 .. 0 38 . 3 
Span ish Fork 22 . 5 30 . 0 37 . 0 44 . 5 51 , 8 59 . 0 66 , 3 
No r thern J uab 34 . 5 45 . 3 56 . 0 67 .. 0 
Utah Valley 22 . 3 27 . 7 33 . 0 38 . 5 44.0 49 . 5 55 . 0 60 . 5 
Utah Lake dra inage 21 05 27 . 5 33 . 4 39 . 3 45 . 2 5 1. 0 57 . 0 63 . 0 
.a 23 . 0 to 28 . 5 
140 
57.5 
68 . 3 
41 . 0 
66 . 0 
69 . 0 
150 
65 . 0 
43 . 8 
00 
0' 
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Table 24 . Summary of calculation process to determine irrigation efficienc y 
(El), annual surplus or deficit (SRA, DFA), and percent deman d 
satisfied (PDEM). 
Case Given To See Tables Process 
quantity determine and Figures of 
specified area 
1 El PDEM Table 21 Re"ad d ir ect. 
. 
Figures 38, 39 Read" ordinate valu e 
SRA or Table 18 Re'ad direct . 
DFA Figures 16 to 22 Read from SRA - DF A 
curve" <i>rdinate valu e. 
2 SRA or El Table 22 Read d ir ec t. 
DFA Figures 16 to 22 Read from SRA -
DFA c urve abs iciss a 
value . 
PDEM Table 20 Read PDEM dir e ct 
satisfied then FDEM sa ti s -
by SRA. f ied by D'FA ::!l flO ° 
PDEM ). 
Figures 40,41 Read absc i ssa 
value a n d fo llow 
as above 
3 FDEM El Table 23 Read d i rect. 
Figures 38 , 39 Read abs cissa 
value . 
SRA or Table 19 Read d ir e ct. 
DFA F igures 40 , 41 Read ordinate 
value . 
August and SepteITlber while surpluses exist in April 41 May, and June. 
This seasonal ITlaldistribution ITlay be solved by the use of ITlore 
iITlported water cOITlbined by the construction of greater surface 
storage facilities . If iITlported water was not available, the conclu-
sion would be that a 9000 AF reservoir is a ITliniITlal requireITlent 
in order to potentially satisfy all crop needs. The assuITlption here 
is that whatever water is diverted for the Lehi-AITlerican Fork sub-
area p that all water will be uniforITlly distributed accord ing to crop 
needs within this area. A large reservoir ITlay solve o n ly a few 
shortage probleITls if certain users divert ITlore than what is actually 
needed . Also, this aSSUITles that whatever extra diversion takes 
place in the early ITlonths can be curtailed and can be stored for use 
in later ITlonths . 
'~The figures in Table 25 , show tn~ sum of monthly 
surpluses and deficits for the area at various percent irrigat ion 
efficiencies . For exaITlple, in the Utah Lake drainage area at 20 
percent the SUITl of ITlonthly deficits (2:DF) is 594, 000 AF while at 
50 percent it is 67 Q 000 AF and the SUITl of ITlonthly sur pluses (2:SR ) 
is 117, 000 AF . The range of irrigation efficiency in which both 
surpluses and deficits exist is shown in Table 26. Above the lower 
liITl it effic iency there is a surplus in c erta in ITlonths. Below the 
upper liITlit efficiency there is a deficit in certain ITlonths. For 
five areas, including the Utah Lake drainage area, there is a deficit 
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Table 25. Sum of monthly surpluses (~SR) and deficits (~DF) at various irrigation efficiencies (EI). 
~SR or ~DF, 1000 AF 
Subarea or District lEI 20 25 30 35 40 45 50 55 60 95 
'f 
Heber -Kamas ~(DF) 55 32 17 8 2 
~ (SR) - -2 - 5 
- 9 -12 -16 -17 -21 -24 -26 -28 
Utah Valley ~ (DF) 453 303 206 140 95 76 44 30 20 I I 
~ (SR) - 6 -35 -57 -77 -94 -I 10 -124 -136 
Lehi-American Frk. ~ (DF) 85 58 36 25 18 12 9 6 4 3 
~ (SR) - 2 
- 5 - 9 -12 -15 -18 -20 -22 
Provo ~ (DF) 24 0 
~ (SR) 0 
- 7 -29 -45 -58 -69 -78 -85 -92 
Spanish Fork ~ (DF) 344 245 170 120 81 57 38 25 15 9 
~ (SR) - 5 -II -18 -21 -25 
Northern Juab ~ (DF) 86 65 49 38 30 25 20 17 15 13 
~ (SR) - ' I - 2 - ' 3 · · 4 
Utah Lake drainage ~ (DF) 594 400 272 191 131 94 67 48 34 25 
~ (SR) -18 -46 -70 -92 -117 -140 -155 -171 
70 
-29 
5 
-145 
2 
-23 
-99 
4 
-26 
I I 
- ' 4 
17 
-181 
00 
-..0 
90 
Table 26. Range or irriga tion effic iency (20% < EI < 7 0% ) 
in which annua l surpluse s and deficits b o th exis t. 
Subarea or Dis t ri c t 
Heber -Kamas 
Utah Valley 
L e hi-American Fork 
Provo 
Spanish Fork 
Northern Jua b 
Uta h Lake d rainage 
Range of Irrigation 
Efficie ncv 
Lowe r limi t of 
s um of monthly 
surplu se s 
< 20 
29 
29 
2 8.5 
4 2 
4 7 0 5 
28 
Uppe r 
lim it of 
sum. of 
mon thly 
defic its 
4 2 . 5 
> 7 0 
> 7 0 
23 
> 70 
> 7 0 
> 7 0 
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even at 70 percent irrigation efficiency. This is, of course, a :mean 
variation and in years of greater or less water there will be expected 
greater or Ie s s net demand. The implication is that high efficiency 
alone will not solve the water shortage problem. The early di -
verted water must be stored to relieve shortage in growing months. 
In addition, possible carry-over storage from the previous season 
rna y relieve shortage s. When there is a net annual deficity, the 
reservoir storage 'will generally equal the diversion required, pro ~ 
vided the necessary additional diversion is met by imported water 
(assumed not to coincide exactly with crop requirements). When 
there is a net annual surplus, the reservoir storage will generally 
equal the total seasonal deficit. Since practically all the excess 
occurs in the early crop months, c onserving part of this supply will 
enable water use in later crop months when water is in shor t s upplyo 
Possible Future Irrigation Efficiencies 
In· Chapter 3, the present irrigation efficiencies for the Uta h 
Lake drainage subareas were estimated and presented in Table 14. 
In this discussion the future efficiencies will be presented. 
There are several technical a c tions which may increase con-
veyance efficiency. Three possible improvements are: linings on 
main canals, gated pieps and linings on laterals and d itches, and 
decreased operational waste. In addition, the th ree improvements 
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may be combined resulting in yet higher efficiencies . The three 
types of improvements and the combinations are arbitrarily assigned 
values based upon the previous information given in Chapter 3. The 
three types and their combinations result in six possible improvements. 
Identical figures are assigned for all areas because further refinement 
• of estimates are unwarranted. 
The assigned values range from 82 percent for decreased 
operational was te to 95 percent for the combination of lin ings on 
main canals, gate pipes and linings on laterals and ditches , and de-
creased operational waste (see Table 27). 
There are three factors which affect application effic ienc y 
for which values are assigned: better farm irrigation managemen t , 
call water distribution system , and sprinkler irrigation. The factor 
of farm irrigation management involves the determination of water 
needs ~ control of water quantity II uniformity of application, and per-
sonal attention to irr-igation. These were briefly discuss-ed in Chapter 
3. The delivery system and ir r igation method are related. If surface 
irrigation methods are used, the most efficient distribution system 
is the call system, whereby the individual irrigator may spec ify the 
quantity of water to be delivered. If sprinkler irrigation is used, 
the most compatible distribution system is continuous flow. Thus, 
the call distribution system and the sprinkler irrigation met hod 
are not combined. Also , since farm irrigation management is 
Table 27. Possible increases in c onveyance efficiency. 
Colullln Illlprovelllents 
1 2 3 4 
Subarea or a E Linings Gated Decreas- COlllbina-Distr ict C on lllain pipes ~d opera- tion 1 & 
canals & linings ional 2 
on laterals waste 
& ditches 
Heber -Kalllas 69 86 88 82 93 
Utah Valley 80 86 88 82 93 
Lehi -Alll. Fr 1< 80 86 88 82 93 
Provo 78 86 88 82 93 
Spanish Fork 82 86 88 82 93 
Northern Juab 
Valley 70 86 88 82 93 
Utah Lake 
drainage 78 86 88 82 93 
~ . 
- - - - -
- ---- _._--
- -
apresent estilllated conveyance efficiency. 
5 
COlllbina -
tion 1 & 
3 
89 
89 
89 
89 
89 
89 
89 
I 
6 
I 
COlllbina-
tion 1, 2~ 
& 3 
95 
95 
95 
95 
95 
95 
95 
-
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associated largely with surface irrigation methods, it is combined 
with the call distribution system as an improvement. This results 
in four possible combinations of improvements which are shown in 
Table 28 . The assigned values for the areas are identical and range 
from 60 percent for better farm irrigation management to 72 percent 
for the combination of better farm irrigation management and sprink-
ler irrigation . 
The products of the combinations of conveyance and application 
efficiencies yield values of potential irrigation eff iciencies . Since 
there are six conveyance improvements and four application improve-
ments' there are 24 different irrigation effic iency combinations (EI). 
The values of EI vary from 49 percent to 68 percent. The irrigation 
efficiency of 68 percent includes linings on main canals, gated pipes 
and linings on laterals and ditches, decreased operational waste, 
better farm Irrigation management, and sprinkler irrigation . This 
value appears to be the practical upper limit in ir r igation effic ien cy 
over a large area. 
Surpluses and Excesses for Present and Future Efficiencies 
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The surplus or excess considering root zone capac ity may be 
determined for both presen t and future irrigation efficiencies. For the 
purposes of this discussion, several quantities will be determined 
for the Utah Lake drainage subareas: 
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Table 28. Possible increases in application efficiency. 
Improvements 
Subarea or a
E 
I 2 3 (! 
district A Better Combiha ~ SprInkler Combina -
farm Hon 1 & irr igation . tion 
irrigation call dis ~ 1 & 3 
management trlbution 
system 
Heber-Kamas 47 60 63 65 72 
Utah Valley 46 70 63 65 72 
Lehi-Am .. 41 60 63 65 7 2 
Fork 
Provo 45 60 63 65 72 
Spanish Fork 50 63 63 65 72 
Northern Juab 50 63 63 65 72 
Valley 
Utah Lake 
drainage 46 60 63 65 72 
"Present estimated application efficiency. 
(1) Annual diversion presently required (DFA), the percent 
of potential consurn.ptive use satisfied by the diversion 
under the given irrigation efficiency (PDEM), and the 
surn. of the rn.onthly deficits (2: DF). 
(2) Annua 1 diver s ions presently required (DFA) in order 
to rn.eet arbitrarily specified figures of PDEM as shown 
in Table 29, colurn.n 6. The potential consurn.ptive use 
for the Spanish Fork district, and Northern Juab Valley 
subarea will be assurn.ed to be slowly rn.et. For this 
reason , PDEM is given as 70 percent. Due to the greater 
supply in Lehi-Arn.erican Fork and Provo districts, a 
full 100 percent PDEM is assurn.ed. The 90 percent 
figure for Heber-Karn.as is assurn.ed because of greater 
potential corn.s urn.ptive use downstrearn.. 
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(3) Annual diversion required (DFA) in the future, the per-
cent of potential consurn.ptive use satisfied by the diversion 
under the given irr igation efficiency (PDEM), and the s urn. 
of the rn.onthly deficits. The rn.axirn.urn. irrigation efficiency 
of 68 per cent is as s urn.ed . 
(4) Annual diversion required (DFA) in the future in order 
to rn.eet arbitrarily specified figures of PDEM as shown 
in Table 30, column 6. The figures of PDEM are identi-
ca 1 to those ass umed for pre sent efficienc ie s. 
All the demand, surplus, and deficit quantities for the 
above four conditions were determined by the use of the 
graphs in Figures 16 to 22, 31 to 37, 38, and 39, supplemented 
by simple arithmetic as indicated on Tables 29 and 30 . 
The results are shown in Tables 29 and 30 for the present 
and future estimated irrigation efficienctes, respectively. 
In Table 29, column 3 the annual surpluses or deficits are 
shown. In Utah Valley, the Lehi-American Fork district 
has a deficit which is just equal to the surplus of the Provo 
district, which has a magnitude of 29,000 acre-feet. 
The other three areas of Heber-Kamas (4000 AF), 
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Table 29. ; Tabular calculations for Utah Lake drainage area saITlple probleITl- -present 
irrigation efficiency (El). 
(1) (2 ) (3 ) 
Subarea or district Present SRA or 
El, DFA, 
percent 1000 AF 
He be r - KaITla s 32 4 
Lehi-AITl ., Fork 32 29 
Provo 35 29 
Spanish Fork 42 69 
NOQ Juab 35 38 
Totals 
Utah Valley 37 69 
Utah Lake drainage 36 III 
L 
Col. (2), (6) given 
col. (3), (4), (5) froITl Figures 27-33 ; 51, 52 
col. (7) = col. (5) x [ I-col. (6)] 
col. (8) = col. (3) - coL (7) 
col. (9) = froITl Figures 55-61 
SRA = annual surplus 
DFA = annual deficit 
PDEM = percent deITland satisfied 
DE~ = annual deITland 
Z DF = SUITl of ITlonthly deficits 
(4) (5 ) 
PDEM, DEM, 
percent 1000 AF 
98 114 
76 116 
120 134 
76 310 
51 78 
87 - -
86 - -
_ ._---
(6) (7) (8) (9) 
I 
Req'd ~RA or pRA or :6 DF, 
PDEM, PFA DFA net 1000 AF I 
percent reITlain (3) - (7) I 
ing ,1000 1000 AF 
AF 
90 11 -7 14 
I 
100 a 29 31 
I 
100 a -29 a I 
70 93 -24 69 
70 23 15 38 
I 
- - - - 24 10 
- - - - 16 15,2 
- - '------
-..0 
00 
Table 30f;. Tabular circulation for Utah Lake drainage area sample problem-future 
irrigation efficiency (El). 
(1) (2 ) (3 ) 
Subarea or district Future SRA or 
El , DFA 
percent 1000 AF 
Heber-Kamas 68 -28 
Lehi -Am. Fork 68 -21 
Provo 68 -96 
Spanish Fork 68 -2 1 
Northern Juab 68 7 
Totals 
Utah Valley 68 -138 
Utah Lake drainage 68 -159 
c.ol.· 12), (6); given 
coL (3), (4), (5) from Figures 27-33 ; 51, 52 
col. (7) = coL (5) [ I-coL (6)] 
coL (8) = col. (3) - col. (7) 
col. (9) from Figures 55 to 61 
SRA = annual surplus 
DFA = annual deficit 
PDEM = percent demand satisfied 
DEM = annual demand 
L:DF = sum of monthly deficits 
(4) 
PDEM, 
percent 
153 
139 
>200 
112 
81 
144 
139 
(5) (6) (7) (8) 
DEM, Req'd SRA or SRA 
1000AF PDEM, OFA net 
percent remain- 1000 
ing 1000 AF 
AF 
55 90 6 .-34 
59 100 a -21 
69 10'0 a -96 
19 70 57 :78 
40 70 12 -5 
- - - - -195 
- - - - -234 
-
---. --~ 
- - - - - - -- --
(9) 
L: DF, 
1000 AF 
a 
2 
a 
5 
12 
7 
19 
'" 00 
III 
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Spanish Fork (69, 000 AF) ;I and Northern Juab Valley (38, 000 AFL 
and Northern Juab Valley (38, 000 AF), are all water short. The 
sum for Utah Valley is a net deficit of 69, 000 AF and for the Utah 
Lake drainage area of Ill, 000 AF . These figures neglect the con-
tribution of pumped and flowing groundwater which amount to 65, 000 
• AF in Utah Valley and 10 , 000 to 17, 000 AF in Northern Juab Valley. 
The subarea which relatively is most water deficient is the Northern 
Juab ValleY 9 with only 51 percent of its crop potential consumptive 
use being satisfied at the given irrigation efficiency (PDEM as shown 
in column 4). The Utah Lake drainage area as a whole has 86 percent 
of crop deITland satisfied" If "the -satisfaction of " al~ potential consuITlp-
tive use were limited in certain areas, surpluses would be possible. 
For complete satisfaction of crop deITland' the· limits of PDEM would 
be as shown in column 4. If arbitrary values of PDEM were selected 
as shown in column 6, the resulting demands are those shown in 
column 8 . The last column (9) shows the sum of the monthly deficits 
(2:DF). The Provo area has no month in which deficits exist at the 
given efficiency . This would indicate that the months in which sur-
pluses exist could possibly be reallocated to other areas . Both the 
Spanish Fork and Northern Juab Valley areas are similar in that in 
no month are negative demands (surpluses) present. This shows 
that greater water quantities must be supplied at the required time, 
or if water is only deliverable at other times, storage facilities should 
be provided . In the Lehi-American Fork district, the sum of monthly 
deficits exceeds the annual deficit. This means that at some month, 
a surplus exists . If the surplus quantity is significant, storage 
facilities may be utilized in order to conserve it for use in months 
of water shortage . In this area also, greater water supplies are 
required annually . 
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The surpluses or deficits for the ultimate future irrigation 
efficiency of 68 percent are shown in Table 30. In all subareas, 
except for Northern Juab Valley ~ there are annual surpluses (column 
3). However, in the Lehi-American Fork and Spanish Fork districts, 
there exists deficits in certain months. These quantities amount to 
2000 AF for Lehi-American Fork (21, 000 AF surplus annually) and 
5000 AF for Spanish Fork (21, 000 AF surplus annually). With the 
surpluses, the shortages could easily be met provided some storage 
facilities are available . For Utah Valley, the surplus is 138, 000 AF 
and for the Utah Lake drainage area it is 159, 000 AF. When arbi-
trary PDEM figures are assumed (column 6), there is, of course, 
more surplus for the Heber -Kamas, Spanish Fork and Northern Juab 
Valley areas. Due to the existence of shortages in certain months, 
despite the annual net surplus, it may be necessary to determine which 
months deficits exist. The monthly deficits (DF) for the various areas 
were determined from Figures 24 to 30 at the present and maximum 
future irrigation efficiencies (see Table 31). The deficits exist 
Table 31. Monthly surplus or deficit (SR, DF) at present and future irrigation 
effic iencie s (EI). 
SR 1-1 or DF ~+) 1000 AF 
Subarea or district a 
E I Apr May Jun Jul Aug Sep 
Heber -KaTIlas 3.2 
- - -10 0 0 10 4 
68 - - -16 0 0 0 0 
Lehi -ATIle r ican 32 0 -3 0 5 17 8 
Fork 68 -3 -12 -7 0 0 I 
Provo 35 0 -10 -8 0 0 - II 
68 -2 -22 -21 -14 -16 -18 
Spanish Fork 42 0 - I 0 21 36 I I 
68 - I -20 0 0 5 0" 
Northern Juab 35 0 0 0 15 14 7 
68 - I -3 0 2 6 3 
Utah Valle y b 37 -14 26 53 0 -8 8 
68 -II -54 -28 -14 - II -17 
Utah Lake drainage b 36 0 -24 -8 41 76 19 
68 -12 -73 -40 -12 -5 -14 
a 
Pr esent and TIlax irnuTIl fut ure irrigati on efficienc ~es. 
b S UTIl of res pective components area deTIlands. 
Oct 
- -
- -
2 
0 
0 
-3 
2 
0 
2 
0 
4 
-3 
6 
-3 
-
. 
Annual 
SUTIl 
4 
-28 
29 
-21 
-29 
-96 
69 
-21 
38 
7 
69 
-138 
III 
-159 
--
I 
I 
I 
I 
I 
! 
I 
I-' 
o 
I-' 
principally in the months of July through September while surpluses 
exist in the months of April and May . For example , in Heber -Kamas 
where the sum of monthly deficits (13, 000 AF) exceed the net annual 
deficit (4000 AF) at present efficiency, the surplus is only in May 
(10 , 000 AF) while the deficits are in August (la, 000 AF) and Septem-
ber (4 , 000 AF) . 
There are other future possible irrigation efficiencies for 
which deficits and shortages may be determined. The deficits and 
shortages for all 24 combinations of conveyance and application effi-
ciencies in all subareas are shown in Table 32. The column numbers 
refer to the number combination of conveyance and application effi-
ciency improvement as previously cited in Tables 27 and 28. The 
surpluses in the Utah Lake drainage area vary from 33 ~ 000 AF at 
the low efficiency of 49 percent to 159, 000 AF at the high efficiency 
of 68 percent. 
The annual and monthly defic its or shortages for the areas 
and at the present and maximum future irrigation efficiencies are 
illustrated graphically in Figures 8 to 15. The graphs usually begin 
in. surplus, continue decreasing then reach near zero surplus at 
June, show deficit in July and August, and finally decrease deficit 
at October. The exception to this general trend is the Provo subarea, 
where there is either zero or no deficit. 
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Table 32. Annual surplus or deficit (SRA, DFA) at various future efficiencies (EI)o 
SRA(-)orDFA(+L 1000AF 
~olumn of E Q( 3 1 ; 3 2 ; 3; sr- 1 2 1; 4; 5: 2;6 
C 
~o lumn of E b. : 1 1 ; 2 1; 3 ; 1 2 2 3; 1 ; 21 3 ;1 A 
~real Future EI 49 52 53 54 55 56 57 
~eber-Kamas -20 -23 -23 -24 -24 -25 -25 
IUtah Valley -34 -57 -64 67 -77 -82 -85 
Lehi-Arn. Fork --5_ 9 -10 -10 -12 -12 -13 
Provo -67 -73 -75 -76 -79 -80 - 81 
Spanish Fork 38 25 21 19 14 10 9 
Northern Juab 21 18 18 17 16 15 14 
Utah Lake drainage -33 -62 -69 -74 -85 -92 -94 
Column of EC e; 3; 4 4; 6 1; 6 2 5 4 6 
r- 1 f E P ... 4 ; 2 3; 2 4 .; 3 4 4 4 4 vO urnn 0 " , 
A 
A.real Future EI 59 60 62 63 64 67 68 
Heber -Kamas -26 -26 -27 -27 -27 -28 -28 
Utah Valley -98 -104 -113 -119 -124 -134 -138 
Lehi-Am. Fork -15 -16 -1 7 -1 8 -1 9 -20 -21 
Provo -94 -87 -88 - 91 -91 -95 -96 
Spanish Fork 1 -1 -8 -10 -14 -19 -21 
Northern Juab 13 12 11 10 10 8 7 
IUtah Lake drainage -113 -118 -129 -136 -161 -154 -159 
- - - -
--- -- - --- -
- ------
bCo1umn numbers of Table 27~ 
. '::Co1umn numbers of Table 28~· 
,5 
3 
58 
-25 
-95 
-15 
-84 
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16 
-104 
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Figure 8. Annual surplus (SFA) and deficit (DFA) at present and future 
irr iga tion effic ienc ies (EI). 
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Figure 9 . Monthly surplus (SR) and deficit (DF) at present and 
future irrigation efficiencies (EI), Heber-Kamas 
subareas. 
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Figure 10 . Monthly surplus (SR) and deficit (DF) at present 
and future irrigation efficiencies (El), Lehi-
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Figure 11 . Monthly surplus (SR) and deficit (DF) at present 
and future irrigation efficiencies (El), Provo 
district. 
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Figure 12 . Monthly surplus (SR) and deficit (DF) at present and 
future irrigation efficiencies (EI), Spanish Fork 
district. 
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Figure 13 . Monthly surplus (SR) and deficit (DF) at present and 
future irrigation efficiencies (EI), Northern Juab 
subarea. 
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Figure 14. Monthly surplus (SR) and deficit (DF) at preseht 
and future irrigation efficiencies (EI), Utah 
Valley subar ea. 
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Figure 15 . Monthly surplus (SR) and deficit (DF) at present 
and future irrigation efficiencies (EI), Utah Lake 
drainage area . 
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Efficie'ncy at Ze'ro Net Demand 
The surplus and deficit at present and future irrigation effi-
ciencies were determined. A corollary problem is to determine the 
efficiency at which the net annual demand is zero. This solution is 
shown in Table 22 as previously presented in conjunction with the 
example pro blems . The ir riga tion eff ic ienc ies var y from 23 perc ent 
for the Provo subarea to about 90 percent for the Northern Juab 
Valley. In the Utah Lake drainage area the efficiency is 45 percent. 
This ' is only 9 percent above the present estimated value of 36 percent. 
Conceivably, as shown in Table 32, a combination of decreased 
operational waste and better farm management practices could in-
crease irrigation efficiency to 49 percent. The crucial problems 
are ~ however, (a) the attainment of these remedial practices over 
large areas and (b) the redistribution of water throughout the basin 
in order to satisfy local shortages. Very high efficiencies such as 
required in Northern Juab Valley are not attainable. Hence, water 
shortages must be met by such measures as water importation, 
water reuse ~ increased groundwater mining" or reduction in irri-
ga ted c ro pland. 
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CHAPTER 6 
CONCLUSION 
The crop needs are not adequately being satisfied in the Utah 
Lake drainage area. The problem is twofold. First, under present 
assumed irrigation efficiencies, there is a excess of diversion in the 
Provo district beyond calculated crop requirements. This requires 
measures for reallocation of water to other water defic ient areas, 
particularly the Spanish Fork district and Northern Juab Valley 
subarea. Second, there is a greater need for control of available 
quantities in order to make diversion coincide more closely in time 
with the crop potential consumptive use. The common pattern is 
excessive diversions in May and insufficient diversions in July through 
September. This will require modifications in the form of more 
storage facilities to make available water in later crop months. 
In the Heber-Kamas subarea, under present efficiencies, 
a deficiency exists in the months of August and September. Since 
this area is upstream from the Wasatch Front areas a redistribution 
of excess water from lower elevation areas is not possible. All 
water requirements must be met within the area or imported from 
other basins. The excess quantity in May is not truly meaningful 
when included in the Utah Lake drainage area calculations because 
any inefficiency from upstream areas results in high percentage 
III 
of surface return flow to the Wasatch Front areas. An increase in 
efficiency to the ultimate of 68 percent would cancel out all deficits, 
but increase surplus quantities in May and June to 28, 000 acre-feet 
(AF). 
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In the Lehi-American Fork district, under present efficiencies, 
deficits exist in all months including and following July and is high-
est in July at 17" 000 AF. Much of the deficit could be canceled if 
the surpluses in the nearby Provo district (which amount to 18, 000 
AF in the months of May and June) were diverted for the months of 
July and August (22 , 000 AF) . An increase of irrigation efficiency 
to 68 percent would cancel nearly all deficits in later crop months 
(only 1000 AF in September remaining) and would greatly increase 
surpluses in May to 12 9 000 AF . 
The Frovo district is, by far j the most water plentiful area 
within the Utah Lake drainage area. At no time, under present 
efficiencies ll do deficits exist, while surpluses totaling 29, 000 AF 
exist in May, June and September. If the irrigation efficiency in-
creased to 68 percent 7 surpluses would be present in every month. 
The Spanish Fork district is , it) ,absolute quantities, the 
most water deficient area. Deficits are present from July onwards, 
with a maximum of 36~ 000 AF in August. The future deliveries 
under the Central Utah F roj ect to be cons truc ted by the U. S . Bur eau 
of Reclama tion , should help offs et the shortages. Although not 
quantitatively and separately determined !) much of this deficit is 
in the southern part of this distr ict . Of the mean annual potential 
consumptive use of 131 11 000 AF :f about 64 j) 000 AF is from the 
Strawberry Highline jl Santaquin and Goshen areas (see Appendix) . 
A rise in irrigation efficiency (to 68%) would nearly eliminat e deficits 
in the later months and result in a net surplus of 21,000 AF. 
The Northern Juab Valley is the only subarea in wh ich, under 
present irrigation efficiencies , no surpluses exist. Crop needs a r e 
satisfied in April through June but from July onwards s h o rtages 
exist which total 38 ~ 000 AF 0 Relatively ~ this area is the mos t water 
short , only 51 percent of the demand (38~ 000 AF def icit remainin g ) 
being satisfied (PDEM). Even a maximum irrigat ion effic iency of 
68 percent will not remove deficits . The Nor ther n J uab Valley re-
quires imported water . 
There is greater potential for c ompr ehen sive water manage-
ment in the Utah Valley because of the c losely adja c ent croplands a n d 
common s o urces of s up ly _ Un der present irrigatio n e f f ic ien cies , 
even if water were redistributed to a r eas of grea t est demand, s u b-
stantial deficits would rema in . The J uly a n d A u gu st d eficit to tals 
79 3 000 AF under present irrigation eff icie ncies . In creas ing the 
efficiency to 68 percent would e l iminat e a ll deficit s . A l so, unde r 
113 
the future ultimate efficienc y , there wo uld b e s u rplu ses in a ll crop 
months due primarily to the co n t r ibu tion of the P r ovo dis tr ict sur p luses . 
114 
This study shows the effect of irrigation efficiency upon demand~ 
surplus, and deficit in the Utah Lake drainage area. The paucity of 
efficiency figures make some of the results appear fictitious . How-
ever , under the present state of knowledge, it is hoped that the re-
sults will add useful information . This shows that there is great 
potential in the water management field for the improvement of admin-
istrative and technical actions in irrigation water supply. Improved 
irrigation conveyance and application facilities combined with equit-
able water allocation will aid in the economic use of water resources 
for the benefit of the area i s people. 
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Figures 16 to 41 
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Figure 16. Annual demand (DEM), annual surplus (SRA) 
or deficit (DFA) excluding root zone storage, and annual surplus 
(SRAZ) or deficit (DFAZ) including root zone. storage vs irrigation 
efficiency (El), Heber-Kamas subareas. 
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Figure 17. Annual demand (DEM), annual surplus (SRAZ) 
or defic it (DFAZ) excluding root zone storage, and annual surplus 
(SRA) or deficit (DFA) including root zone storage vs irrigation 
efficiency (El), Utah Valley subarea . 
(SRAS, DFAS) curve same as (SRA, DFA) except assumes 
uniform water application over entire area. 
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Figure 18. Annual diversion demand (DEM), annual 
surplus (SRAZ) or deficit (DFAZ) excluding root zone storage, 
and annual surplus (SRA) or deficit (DFA) including root zone 
storage vs irrigation efficiency (El), Lehi-American Fork 
district. 
125 
250 
200 
<r: 
~ 
150 
Cl 
N 
<r: 
~ 
Cl 
.. 100 ~ 
~ 
Cl 
50 
~ 
Q) 
Q) 
\H 
I 
Q) 
J.4 
U 
ro 
0 0 
0 
0 
..-4 
<r: 
~ 
en 
-50 
N 
<r: 
~ 
en 
-100 
126 
Diversion 
Diversion, 
prec'ipitation 
root zone storage 
7 
El, percent 
(SRAZ, DRAZ) 
(SRA, DFA) 
Figure 19. Annual diversion dem.and (DEM), annual 
surplus (SRAZ) or defic it (DF AZ) excluding root zone storage, 
and annual surplus (SRA) or defic it (DFA) including root zone 
storage vs irrigation effic iency (El), Provo district. 
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Figure 20. Annual diversion demand (DEM), annual 
surplus (SRAZ) or deficit (DFAZ) excluding root zone 
storage, and annual surplus (SRA) or defic it (DF A) in-
cluding root zone storage vs irrigation efficiency (EI), 
Spanish Fork district. 
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Figure 21. Annual diversion demand (DEM), annual 
deficit (DFAZ) excluding root zone storage, and annual deficit 
(DFA) i~cluding root zone storage vs irrigation efficiency (El), 
Northern Juab Valley subarea. 
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Figure 22. Annual diversion demand DEM, annual surplus 
(SRAZ) or deficit (DFAZ) excluding root zone storage, and annual 
surplus (SRA) or deficit (DFA) including root zone storage vs. 
irrigation efficiency (EI), Utah Lake drainage a "rea. 
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Figure 23. Discrepancy of annual surplus (SRA -SRAS) or 
deficit (DFA-DFAS) vs irrigation efficiency (El) . 
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Figure 29. Monthly surplus (SR) or deficit (DF) vs. irrigation efficiency (El), Nortliel'n Juab Valley 
subarea. 
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Figure 30 . Monthly surplus (SRS) or deficit (DFS) vs . irrigation efficiency (Ell, Utah Lake 
drainage area. 
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Figure 31. Sum of monthly surpluses (~SR) deficits 
(~DF) vs irrigation efficiency (EI), Heber-Kamas sbuareas. 
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Figure 32. Sum of monthly surpluses (L:SR) and deficits (L:DF) 
vs irrigation efficiency (EI), Utah Valley subarea. 
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Figure 33. Sum of monthly surpluses (L:SR) and deficits (L:DF) 
vs irrigation efficiency (EI), Lehi-American Fork 
district. 
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Figure 34. Sum of monthly surpluses (2:SR) and deficits (2:DF), 
vs irrigation efficiency (El), Provo district. 
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Figure 35. Sum. of m.onthly surpluses (~SR) and deficits (~DF) 
vs irrigation efficiency (El), Spanish Fork district. 
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Figure 36. Sum of monthly surpluses (L:SR) and deficits (L: DF) 
vs irrigation efficiency (EI), Northern Juab Valley 
subarea. 
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Figure 37. Sum of monthly surpluses (L:SR) and deficits (L:DF) 
vs irrigation efficiency (El), Utah Lake drainage area. 
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Figure 38. Percent demand satisfied )PDEM) vs irrigation 
efficiency (EI), Utah Lake subareas and districts. 
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Figure 39. Percent demand satisfied (PDEM) vs irrigation 
efficiency (El), Utah Valley , subarea and Utah Lake 
drainage area. 
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Figure 40. Annual surplus (SRA) or deficit (DFA) 
vs percent demand satisfied (PDEM) for Heber -Kamas, 
Lehi-American Fork, Provo, and Northern Juab Valley 
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Figure 41. Annual surplus (SRA) or deficit (DFA) vs percent 
demand satisfied (PDEM), Spanish Fork, Utah Valley, 
and Utah Lake dra inage areas. 
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DATA 
The data was obtained from that assembled for the hydrologic 
inventory of the Utah Lake drainage area under the direction of 
Research. Project Engineer Gaylord V. Skogerboe. Additional 
information on specific characteristics and quantities of the 
Utah Lake drainage area as well as exact sources of data are 
found in the report by Hyatt, Skogerboe, Haws, and Austin (1968b, 
to be published). Some of the types of data were 
clima tic data 
station location and elevation 
monthly precipitation and temperature 
years of record 
percent daylight hours 
hydrologic data 
stream gaging station location 
monthly stream runoff 
years of record 
frequency of runoff 
determination of base time period 
gr'Oundwater withdrawal and addition 
water quality 
location and quantity of diversions 
municipal and industrial depletion 
phreatophyte depletion 
land data 
areas of major canal companies 
type, location, and area of crops and native vegetation 
determination of areas irrigated 
type of soil 
determination of soil moisture capacity 
Contained in the following tables is the principle information used in 
this study on irrigation demand. 
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Table 33. . Canal companies included in Utah Valley districts. 
District Irrigation or Canal 60. No. on 
Figures 2 & 3 
Lehi-American Fork 
Alpine Alpine Irrigation Co. 1 
American Fork American Fork Irrigatron Co. 2 
Winn Ditch Co. 
Lehi Lehi Irrigation Co. 3 
Mitchell Hollow Irrig. Co. 
Spring Creek Irrigation Co. 
North Bench North Bench Irrigation Co. 4 
Pleasant Grove Pleasant Grove Irrigation Co. 5 
Hollow Water Co. 
individual rights 
Provo 
Fort Field Fort Field Irrigation Co. 6 
Lake Bottom Lake Bottom Canal Co. 7 
Little Dry Creek Little Dry Creek Irrigation Co. B 
Provo Bench Provo Bench Canal and Irrig. Co. 10 
Provo City Provo City Irrigation System 11 
individual water rights 
P & M - B & ya 
Provo Reservoir Provo Reservoir Water Users Co. 12 
Utah Lake Distributing Co. 
North Union Canal Co. 
Alta Ditch and Canal Co. 
Timpanogas Timpanogas Canal Co. 13 
Upper East Union Upper East Union Irrigation Co. 14 
East River Bottom Canal Co. 
Faucett Field Ditch Co. 
West Union West Union Canal Co. 15 
West Smith Ditch 
aSeparate diversion records tr 
bIncluded together with Provo Reservoir Water Users Co. because both use 
the Provo Res. Canal on the west bank of the Jordan River.-
c The areas are shown in the maps of Figure s 2 and 3. -
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Table 33. _ Continued 
District Irrigation or Canal Co. No. on 
Figures 
2 & 3 
~panish Fork . 
East Bench Ea.'st Bench Cahal _ Co~ , 16 
Hobble Creek Little Sprifig :" C:r~e:k IrrigatioD"Co. 17 
Mill Pond Spring Irrigation Co. 
Springville City Irrigation Co. 
Wood Spring Irrigation Co. 
Lake Shore Lake Shore Irrigation Co. 18 
Mapleton Mapleton Irrigation Co. 19 
Mill Race Spanish Fork ·Southest 20 
Irrigation Coo 
Spanish Fork West Field 
Irrigation Co. 
Salem Salem Irrigation and Canal Coo 21 
' SpaniSh 'Fork 'South Spanish Fork South Irrigation Co. 22 
Strawh~rry Strawberry Highline Canal 23 
(services south Utah Valley) 
Santaquin area in vicinity of Santaquin, Utah --
Elberta area in vicinity of Elberta, Utah - -
and Goshen Valley 
Table 34. , Crop growth stage coefficients for Utah Lake drainage area, k • 
c 
Crop a No. Month 
Apr ' May Jun Jul Aug Sep 
, 
Alfalfa Al 0.50 1. 08 1.13 1.11 1. 06 0.99 ' 
Pasture A2 0 0 43 0.90 0.92 0 0 92 O. 91 
Wild hay A3 0.43 0.90 0.92 0.92 0.91 
Grain A4 0.20 0.48 1. 20 1.12 0.40 
Cornb AS - - -- 0.46 0.64 0.95 1. 02 
Sugar beets c A6 0.25 0.79 1. r4 1. 10 O. 83 
Pbtatoes -d A7 - - -- 0.39 0.77 1. 23 1.27 
Orchards A8 0.50 1. 07 1.12 1.10 1. 06 
e AlO 0.22 0.67 O. 91 0.80 T o TIl a toe s f - - --
STIlall truck All - - -- 0.20 0.65 0.77 0.45 
Idle A12 - --- ---- - - -- -- -- ----
- - - -- - - ----- - - -- - - - ----
a Crop class A 12 (idle land) is not used in calculation process. 
Crops A9 (peas) and A13 (beans) included within crop All (sTIlall truck). 
b plant May 20, 100 days 
c 15 Apr-IS Oct 
d 15 May-30 Sep 
e 15 Ma y-3 0 Sep 
f 15 May-25 Aug 
0.87 
0.87 
- - --
- ---
0.58 
1. 02 
0.99 
0.55 
- ---
- ---
Oct I 
0.79 
0.79 
0.79 
- ---
- ---
0.20 
- ---
0.87 
-- --
-- --
- ---
~ 
U1 
v.> 
Table 35. ' Surnm.ary of land use crop pattern. 
Area Percent of erop Area 
.. 
. Al A2 A3 A4 AS A6 
Lehi-AITl" Frk 35.0 15. 0 - - 25.0 3.0 - -
Alpine 28.0 24.0 1.0 35,,0 4.5 0.8 
Lehi 28.0 19.0 9 .. 0 27.0 7 .. 0 1.0 
No. Bench 34.0 
--- - -- 47.0 LO 5.0 
Pleas. Grove 28.0 19.0 2 • . 0 22,,0 7.0 0.5 
Provo 
Fort Field 24.5 24,,5 5.0 22.0 19 .. 5 1.5 
Lake Bottom 40.0 23.0 6;00 1L 0 13 .. 0 1.0 
L1L Dry Crk 31. 0 38.0 0,,5 10" 5 18,0 --
P-M & B-Y 15. 0 43.0 5,,0 6,,7 10.0 1.0 
Provo Bencb 18" 0 19.0 2.0 5 .. 5 ~3. '5 - -
Provo City 15" 0 43" 0 5.0 6.7 10.0 1.0 
Provo Res 24.1 11. 0 1.6 29.6 7.0 4,,6 
TiITlpanogos 10 .. 0 28.0 - - 3.0 '. 1 0 5 - -
Upper E. ' .~" . 6,,5 61. 0 1. 5 2.0 2.0 - -
Union 
West Union 21. 0 3 0.5 6.0 10. 0 8.0 105 
Spanish Fork 
East Bench 35.7 15 .. 0 3.6 31.2 4,,6 - -
Hobble Crk 10. 7 43.2 19.3 13 .. 1 7.9 4.3 
Lake Shore 26.5 17.2 1.2 3·9.4 10" 2 2.3 
Mapleton 33.7 8.1 1.0 32.4 5.8 2.5 
Mill Race 23.0 13. 8 12. 8 32.0 11. 8 4 0 0 
SaleITl Irrig. 18,,1 51. 8 5.3 13. 8 8.4 • 1 
S. F" South 23.5 19.6 2.1 35.3 14.1 2.8 
Strawberry 32.9 16.1 4.2 24.0 8.2 0.2 
Santaquin 28.0 8.0 - - 28.0 3.0 - -
E1b -Goshen 3 O. 0 13. 0 11" 0 20,,0 6.0 10 ... 0 
------
•• ~~ 
---- --
~----
-- -
- - _. - -
a 
A7 A8 
2.0 17. 0 
1.0 3.0 
1.0 2.0 
3.0 
---
0.5 15. 0 
0.5 - -
0.3 5.0 
-- - -
0.5 17.5 
- - 4.9,,0 
0.5 17 ... 5' 
2.6 13. 0 
- - 56.0 
- - 27~0 
0.3 22~O 
- - 4.8 
- - 0.2 
- - --
- - 9.6 
- - --
0.4 0.3 
-- --
0.8 7.9 
--
28,,0 
2.0 3.0 
- -
. . 
AlO 
- -
0.5 
0.2 
- --
0.3 
0.5 
- -
- -
- -
- -
--
0.3 
- -
--
- -
--
- -
--
0.5 
- -
- -
- -
--
- -
- -
_ . - _ ._--
All 
0.3 
0.6 
0,,3 
---
0,,8 
- -
0,,5 
1.0 
0.3 
2.0 
0.3 
1.2 
0.3 
- -
0,,5 
0 0 1 
I 
- -
0.4 
0 0 8 
0.4 
0.6 
--
0.5 
--
- -
........ 
U1 
~ 
Table 35. , Continued 
Area Percent of <Drop Area a 
Al A2 A3 A4 AS A6 
Heber-Kamas 
Heber Valley 38.6 51.3 -- 10.1 - - - -
Kamas 32.7 61. 6 - - 5.7 - - - -
Northern Juab 43.0 32.0 - - 20 0 0 4.0 - -
a 
Total crop area is determined by the sum of crops Al to All. 
: 
A7 A8 
- - --
-- --
- - 1.0 
AID All 
-- - -
- - --
I 
I 
I 
~ 
.U1 
U1 
Table 36. , Soil summary. 
Area 
Lehi-Am~ Fork 
Alpine 
Am. Fork 
Lehi 
No. Bench 
Pleas Grove 
Provo 
Ft. Field 
Lk~ Bottom 
LfL Dry Crk 
P .-- M & B -Y 
Provo Bench 
Provo ' City 
Provo Res 
Timpi 
Upper E. Union 
West Union 
Spanish Fork 
East Bench 
Hobble Crk 
Lk Shore 
Mapleton 
Mill Race 
Salem Irr. 
S. F. South 
Strawberry 
Santaquin 
Elb. -Goshen 
Utah Valley 
Heber-Kamas 
Heber 
Kamas 
No. Juab 
Utah Lake drainage 
Soil Type 
fi"ne 'sandy loam 
silt loam 
clay loam & silt loam 
fine sandy loam 
clay loam 
silt loam 
clay loam 
silt loam 
clay loam 
silt loam 
clay loam 
silty clay 
silt loam 
sand loam 
clay loam 
clay, loam 
sandy loam 
sand & clay 
clay loam 
silt clay loam 
silt loam 
clay loam 
silt loam 
clay loam 
sandy loam & clay 
loam 
silt loam to cIa y loam 
cIa y loam to sand loan 
clay loam to sand loan 
Soil Mois-
ture in/ft 
1.,5 CY 
2.00 
1. 75 
1. 50 
2,00 
1. 75 
2.00 
1. 75 
2.00 
1. 75 
2.00 
1. 75 
1. 75 
1.50 
2.00 
2.00 
1.50 
1. 50 
2.00 
2.00 
1. 75 
2.00 
1. 75 
2.00 
1. 75 
2. 0 top 2' 
1.25 next 2' 
2. 0 top 2 ft. 
1.25 next 2 t. 
1. 75 
156-
Soil Mois 
ture Cap, 
AF 
8822 
740 
2754 
2751 
262 
2315 
11,200 
221 
559 
172 
65 
1910 
1010 
5482 
440 
163 
1178 
2.<],979 
2080 
1746 
1658 
1954 
3768 
861 
3356 
8411 
1123 
5022 
50, 001 
9480 
8380 
1100 
6 7 50 
66,231 
Table 37 .. . Annual diversion, acre-feet. 
-
Year Heber-Kam.as Lehi- Provo . Spanish Northern Utah Lake 
Am.erican Fork Juab drainage 
Fork 
~9~1 45,001 - - -- - - 7, ·000 - -
32 73, 991 -- -- - - 18,100 --
. 33 64,407 - - -- - - 12,300 - -
34 33,645 -- - - -- 4,900 - -
i 
35 - - - - - - - - 16, 800 - -
36 - - -- -- - - 28,700 - -
37 -- - - - - - - 25,700 - -
38 - - - - .-- -- 20,300 - -
39 - - - - -- - - 16, 800 --
40 - - - - - - - - 15, 100 --
41 - - - - - - - - 22,300 - -
42 - - - - - - - - 29,000 - -
43 - - - - -- -- 26,300 --
44 - - - -
-- b - - 22,200 ~;4.40O:; 45 85,478 68,978 132,017 b 131,691 16,200 
46 74,571 56,580 153,375 154,470 22,700 461, 700 
47 85,310 65,978 157, 768 151, 722 18,700 479,500 
48 74,148 62,280 145,959 187,730 11,300 481,400 
49 85.,681 69,578 168,337 162,520 22,400 508,500 
50 91~ 185 67,079 170, 846 175,298 17,100 521, 500 
51 88,410 64,979 178, 105 167,737 13,400 512, 600 
52 91,571 93,168 174,081 229, 037 52,000 639, 900 
53 78,228 55,381 176,029 162,158 18,600 490,400 
54 63,694 39, 687 145, 222 133, 130 10,600 392,300 I 
c 438, 700 c
1 
55 77,498 47,985 158,046 144,403 10, 800 
56 76,408 54, 083 166~478 147,607 12, 500 457,100 
57 86,531 56,580 153, 851 156,384 23,900 477,200 
t:: 
-.J 
Table 37. - Continued 
Year · HeberCKaITla~ Lehi- Provo ' Spanish 
AITlerican Fork 
Fork 
58 75,001 70,378 1?0,414 1~3,171 
59 72,283 36,287 142,785 115,441 
60 67,507 42,286 140, 981 125, 274d 
61 a 18, 093 69,298 73, 681 d 
62 a 63,578 238,233 128, 54~ 
63 a 45,485 160, 557 96,224 d 
64 a 56,080 158,380 110, 755 d 
65 a 74,776 178,397 144, 642 
a 
No data for KaITlas (Upper Provo). 
b No data for .P-M & B- Y. Mean 18 yr. record included = 993 AF. 
c No data for Provo district. M~an 20 yr. recorded inserted. 
d 
No data for Elberta-Goshen included. Error is about 14, OOOAF. 
Northern 
Juab 
26,000 
8,100 
11,400 
--
- -
--
--
-.-
Utah Lake; 
d. I 
ralnage I 
485,000 
374,900 
387,600 
- -
--
- -
- -
- -
I-' 
U'1 
00 
Table 38. Annual potential cons urnptive use, acre feet. 
~ . 
Year Heber- Lehi- Provo Spanish 
KaITlas AITlerican Fork 
Fork 
193~ 1 40,62l - -- - -- -- -
32 35, 969 - -- - -- - --
33 37,854 - -- - -- -- -
34 39,813 - -- --- - --
35 
- -- - -- - -- - --
36 - -- - -- --- - --
'3'7 
- -- - -- - -- - --
38 - -- - -- - -- - --
39 - -- - -- - -- - --
40 - -- - -- - -- - --
4l - -- -- - - -- - --
42 - -- - -- - -- - --
43 - -- - -- - -- - --
44 - -- - --
--- b -- -
45 33,679 33, 112 41, 730,b 114, 841 
46 36,594 39,856 50,029 138, 533 
47 35,094 38,032 47, 839 l33,320 
48 35,384 39, 046 49,094 l3 6, 500 
49 35,609 39,032 49,085 l36, 326 
50 32,674 34, 920 43,877 l22,515 
51 34,299 36,954 46,505 l29,750 
52 36,695 40,243 50,609 139,407 
53 35,56l 39,64l 49, 811 137, 577 
54 37, 003 37, 187 46,690 131, 355 
55 36,980 35,6l9 46,830 c 126,386 
56 36,639 36, 125 45,330 128, 727 
5 7 35,474 35, 937 45, 154 127 , 156 
58 37, 775 3 7 ,702 47,407 133, 734 
-~ --~~ 
Northern 
Juab 
27,685 
25,641 
25,773 
28,821 
25,474 
25,366 
25,914 
25,226 
26, 191 
27, 102 
24,573 
24,389 
25,552 
26,668 
25,993 
28, 811 
27,546 
29,466 
28,959 
27, 836 
29,353 
30,431 
29,5q2 
29,627 
28,445 
27,484 
27, 123 
29,665 
Utah Lake 
drainage 
- --
- --
- --
- --
- --
- --
- --
- --
- --
- --
- --
- --
- --
--- b 
215,700 b 293,800 
281, 800 
289,500 
289,000 
261, 800 
276.900 
297,400 
292,200 
28l,900 
274,300c 
274,300 
270,800 
286,300 
~ 
U1 
--0 
Table 38. , Gontinued 
--- -- ------ -- - - - - -
Year Heber- Lehi- Provo Spanish 
Kamas American Fork 
Fork 
59 37, 212 37, 948 47,497 133, 214 
60 37, 899 3.6, 806 46, 146 131, OS 9 d 
61 a 38,840 48, 635 112,289 d 
62 a 35,641 44,789 103,088d 63 a 37, 566 47,362 108, 620d 
64 a 35, 837 45,060 103, 531 d 
65 a 35,020 43, 934 100,977 
a No data for Kamas (Upper Provo) available. 
b No data for PM-BY. Mean 18 yr recorded included = 278AF. 
c No data for Provo district. Mean value inserted~ 
d No data for Elberta-Goshen. Mean 20 yr. value included. 
-
Northern 
Juab 
28, 701 
29,572 
- --
- --
- --
- --
- --
Utah Lake 
drainage 
284,600 
281,500 
- --
- --
- --
- --
- --
,........ 
0"-
o 
T a ble 3 9. Mean div ersion and p oten tial c onsUITlptive use by subare a s a nd di s tricts. 
Subarea or Dis t ric t Mean Diversion, Ac r e-Feet 
Apr May J un Jul Aug Sep Oct Annual 
Heber -Kamas 1,600 19,347 22,835 14, 787 8,968 6, 117 579 74,233 
Utah Valle y 23, 764 82,210 83,597 67,248 53,655 40,571 13,416 364,469 
Lehi-Am.Fr k 6,6 94 17 ,623 17,918 7,23 5 3,480 2,396 2,240 57,586 
Prov o 5, 2 98 2 8, 27 1 34 , 196 32,518 28, 833 23, 821 5, 109 158,046 
Span, F ork 11, 9 85 3 6, 324 3 1, 4 83 27,495 21, 3 4 2 14,354 6,114 149,097 
Northern Juab 3 , 957 6, 153 4 ,023 1, 747 1, 233 787 807 18,707, 
Uta h L a k e dra in2 9, 32 1 107 , 71 8 1 10,455 -u~ , 782 63 ,8 5'6 47,475 14,798 45 7 ,4051 
I 
Mean Crop Potential Cons umptive Use, acre-feet 
Heb er-Ka m as - -- 3 , 980 8, III 1 1,457 9, 13 0 3 ,74 1 - -- 36,419 
Uta h Valley 6,804 25, 77 9 46, 188 62, 13 1 4 3 , 83 7 2 0,094 9,827 214,760 
L ehi-Am. F rk. 1, 196 4,463 8, 149 10,862 7,426 3, 410 1,685 37, 192 
P r ov o 1, 502 5 ,6 72 9, 7 14 13 , 2 16 9,799 4,637 2,288 46,828 
Spani sh F ork 4 , 106 15,644 28, 32 5 38,053 26,711 12 ,047 5,854 130, 740 
Nor thern Juab 9 10 3 , 26 5 5,63 8 7, 52 5 5,63 3 3 ,017 1~ 444 27,43 2 
Utah Lake d rain.7 , 7 14 32, 952 5 9 , 937 8 1, 1 13 5 8, 700 2 6,~52 11, 2 71 27 8,539 
0' 
.-,., 
Table 40 . Mean diversion by canal companies , acre .... feet., 
~~~I~lc~q~~~T82l 
No . Bench 738 1504 1452 I 3 ~ 694 
American Fork 1700 I 5689 5 817 2575 1133 753 652 18 , 319 
Lehi 1581 4337 4318 1295 538 I 381 323 12 ,8 773 
Pleasant Grove 1228 I 3256 3460 1894 1086 I 748 723 12 ~3 95 
Provo R e s , 2311 I 13 J 396 16 ~ 184 16 ~ 829 13 ~ 837 I 11,,120 1539 75 ,, 226 
Provo Bench 1315 6958 8694 73 76 7334 I 6233 1685 39 ~ 5 95 
I Lake Botto:m 2 2 I 53 2 769 745 639 472 116 3 ~ 304 
Fe,. Fie l d 7 194 293 318 310 I 276 47 J. ~ 45l 
Tirnpanogos 13 2 789 93 l 821 7 55 66 2 301 4 ~ 411 
W ~ Union 274 13 7 8 1765 1630 1512 1180 251 7
J 
995 
Provo City 92 5 3355 3 609 3 13 5 2980 2496 683 17 J 111 
L'L Dry creek 73 467 515 47 0 440 408 121 2 ~ 494 
Upr, East Union 181 1013 1205 1021 95 2 838 250 5 ~ 465 
PM & BY 48 189 230 173 146 136 69 993 
Hobble C r eek 6310 8215 3266 1559 1197 1019 1019 22 ;, 585 
Mapleton 32 92 5 2102 2 849 2248 890 89 9 ) 135 
E ., Bench 402 2703 3 059 2608 1977 1123 3 38 12 ;) 269 
Mill Race 462 2 968 343 5 3388 267 2 2140 
I
Lk,. Shore 506 1906 1680 1032 888 552 
Sp , F o rk- S outh 3 47 436 5 3 002 23 3 9 201 0 142 5 
Salem 11" r , 194 13 87 1510 1410 1190 940 i 
841 15, 906 
131 6, 782 
651 14 1 158 
314 6 ~952 
St ra'w I-ligh 1478 7 746 894 1 I 9196 6815 436 0 
885 2660 1857 6 71 485 443 
ll56 3449 2631 ! 2443 1850 146 
l L1:25 17 )475 1 1913 19 112)308 7168 536 
75 1872 3516 I 247 9 1800 7 5? 
- 6153 I 4.023 ! 1,47 1233 L_,~7_8~_.::.-..._~_.~~_ 
144,{ 40 9 034 
3 9 0 7 ? 391 
894 13.? 885 
~ 75 63 J 638 
lO ~ '39 
807 18 ~ 7 0 ( 
~ 
4" 
~i:o. l of 4A dive 1: 6 iO:1 "ke cl:ra in~.ge: 
87 A F in M2.r fo1' Lake Short) 
Table 41". Mean potentia l consuITlp t ive use by cana l c OITlpanies, a cre feet .. 
Compa ny/Month Apr May Jun Ju1 Aug Setp I Oct I Annua l 
Alpine 124 453 7 87 1046 745 372 182 37 09 
No . Bench 36 13 9 3 05 398 223 88 37 1227 
AITler Fork 349 12 98 2465 3265 2135 995 471 10 $ 939 
L ehi 404 1518 2772 3712 2552 1151 571 12? 680 
PI., Grove 2 83 1055 182 0 2441 1772 844 424 8640 
Pr ovo R es 687 2651 5 032 6 782 4 55 0 1989 921 22, 612 
rovo Bench 2 85 1 0 11 1526 2 042 167 0 932 483 7949 
Lko Bot 74 27 8 443 610 485 235 117 2242 
FL F ield 29 115 2 06 2 89 213 84 42 977 
Timp 28 161 262 43 0 3 86 95 5 0 1411 
Wo Union 163 594 932 12 64 100 9 52 4 269 4756 
Provo City 147 541 83 0 1140 93 8 485 252 433 4 
LVL Dry Crk 26 100 1 61 225 181 82 42 816 
Upo E. Union 54 186 2 69 3 61 3 07 180 96 1455 
PM & BY 9 3 5 53 73 60 31 16 27 8 
Ie Crk 381 14 80 22 69 3 078 2406 1210 631 Il, ~ 8"5 
Ma pleton 223 843 15 89 2101 13 83 60 7 296 7 043 
E o Benc h 265 975 1782 23 49 1579 731 3 66 8047 
Mill R ace 438 1717 3277 4421 2956 1175 584 14? 568 
k o Shore 246 96 0 193 0 2576 1618 613 3 03 8240 
Spo Fko South 3 63 1454 2 859 3 875 2535 93 2 4 63 12 ~ 481 
Salem. Irr . 159 5 83 93 6 1274 999 5 01 262 4714 
Strav-! Hi2h 1186 4458 7825 10 » 52 8 7541 3 478 1729 3 6 , 746 
130 490 897 12 02 ~30 417 202 4168 
15 2'156 4961 6649 4 864 23 83 101 
l Oll 185 80 90 3293 
.=; ~l .!f i '11::1 I 1272 1040 44 
'" \.N 
Table 42~ Monthly surpluses and exces ses (SR, DF). 
Area a~I SR (- & DF (+L 1000 acre-feet 
May J un Jul Aug Sep 2: 
Heb er- 80 -16,5 -14~ 4 -10 9 0 -2 ,, 6 -35 05 
Kamas 75 -16 02 -13 0 7 -0,,9 0 -L 6 -32.4 
70 -15 0 8 -13 n 0 0 0 -0 0 2 -29 00 
60 - 140 9 - 11.. 0 0 0 0 -25.9 
50 - 13 ~ 6 -8 0 3 0 0 . 0 -210 9 
40 -11 0 6 - 4,3 0 0 05 1.:7 -13 0 7 
30 -8~ 4 0 0 12" 2 4 0 8 8 ,, 7 
23 -4 ~ 4 0 3 0 1 28 0 6 806 35.9 
20 
-10 9 0 9 ,, 7 3406 It. 0 53.4 
15 0 0 3 5 0 6 49 0 8 17 0 3 102" 7 
10 0 0 77 0 8 80.2 29 07 176 0 1 
alrrigation efflclency 
2: (+) 
0 
0 
0 
0 
0 
2~2 
17 01 
40.3 
55 .. 3 
10207 
176 ~ 1 
2: ( -) 
-35.5 
-32.4 
-29,,0 
-25 .. 9 
-210 9 
-15 0 9 
-8 0 4 
-4 04 
-L 9 
0 
0 
I 
I-' 
0' 
~ 
Table 42. Continued 
Area EI SR (-) & 
Apr May Jun Jul Aug 
Lehi- 80 -4.4 - 13. 6 - 8. 8 0 0 
AITl. 70 -3. 8 -12.8 -7.3 0 0.5 
Fork 60 -3. 0 - 11. 8 -5.4 0 2.8 
50 -1.9 -10.3 -2.7 0 5.9 
40 -0.3 -8.0 0 0 10. 0 
35 0 -5 . 6 0 2.0 ' 16.3 
30 0 -1. 9 0 7.8 19. 8 
20 0 0 0 34.8 32.2 
15 0 0 0.3 64.3 44.6 
10 0 0 23.8 100.5 69.3 
Provo 80 -2.0 -23.2 -23.4 -17.0 -18.3 
70 -1.2 -22.2 -21.6 -14.6 -16.6 
60 - O. 1 -20.8 -19.3 -11.5 -14.2 
50 0 -17.6 - 16. 1 -7. 1 -11.0 
40 0 -12.6 -11.2 -0.5 -6. 1 
35 0 - 11.. 1 -7.8 0 0 
30 0 -4.2 -3. 1 0 0 
25 0 0 0 0 0 
22 0 0 0 0 6.2 
20 0 0 0 2.2 18.4 
15 0 0 0 38. 5 34.7 
12 0 0 0 69.5 51. 1 
10 0 0 12.5 98.6 67.4 
DF (+), 1000 acre-feet 
Sep Oct ~ 2: (+) 
0 0 -26.8 0 
1.6 0 -21. 9 2. 1 
2.4 0 - 15. 1 5. 1 
3.5 0 -5.5 9.4 
5.2 0.6 7.5 15. 8 
6. 4 1.2 20.3 25.9 
8.0 2aO 35.8 37.7 
13 0 7 4.8 85.5 85.5 
19.4 7.6 136.3 136.3 
30. 8 13. 2 237. 7 237.7 
- 190 1 -4.0 -107.0 0 
-18.3 -3. 5 - 98. 1 0 
-17.2 -3. 0 -86.2 0 
-15.6 -2.2 -69.7 0 
-13.3 - 1. 1 -44.8 0 
-10.0 -0.3 -29. 1 0 
0 0 -7.3 0 
0 0 0 0 
0 0 6.2 6.2 
0 2.9 23.5 23.5 
6.0 8.4 87.6 87.5 
13. 7 12.2 146.5 146.5 
21.4 16. 1 216.0 216.0 
~ (-) 
-26.8 
-23.0 
-20.2 
-14.9 
-8.3 
-5.6 
-1. 9 
0 
0 
0 
-107.0 
- 98. 1 
-86.2 
-69.7 
-44.8 
-29. 1 
-7.3 
0 
0 
0 
0 
0 
0 ....... 
0" 
U1 
Ta1;>le 42 ~ Continue d 
-
A r e a ~I 
Apr May Jun 
Spa n - 80 -7,,5 -22 0 3 0 
ish 70 -6 ,, 0 -19 ., 6 0 
F ork 60 -4 ,, 0 -15 .,8 0 
50 -10 2 
-10" 6 0 
45 0 - 6 .. 4 0 
40 0 0 0 
3 0 0 .0 0 
23 0 0 L 6 
2 0 0 0 16" 7 
10 0 0 128.. 9 
Noo 80 -1. 9 -3,, 3 0 
Jua b 70 -1. 4 -2.8 0 
60 -0 .. 8 -1. 0 0 
55 -0,,4 -1.. 5 0 
50 0 -0,,8 0 
40 0 0 0 
3 0 0 0 0 
25 0 0 10 8 
20 0 0 6 .. 6 
10 0 0 3 0" 4 
a 'I rrigati on efficienc y 
SR (-1 & DF (+L 1000 acre-feet 
Jul A ug Sep Oct 
0 0 0 0 
0 4: .6' 0 0 
0 12 ~ 6 2 ?5 0 
6" 8 26 ,, 8 6 ) 5 0.,5 
14" 9 32 ,, 8 902 1.. 8 
25,,2 39 () 7 12 c 6 3 ,, 4 
7 5 ~ 6 6L4 22 ,, 6 8,,3 
- - --
--- --- - --
159" 7 107 () 0 42, 7 18 ,, 1 
3 50 ,, 0 240.5 102 0 9 47 .. 4 
0 0 8 409 2.4 0 
2 ,, 0 5 .. 9 2 .. 9 0 
4.0 7,,3 3,,7 0 0 4 
4 .. 5 8.1 4 .. 1 0 .. 6 
5 ,, 6 901 4 . 7 0.9 
11., 0 12" 0 6 .. 2 1,.6 
2L2 16 " 6 8 0 7 2 , 8 
2706 20;04 10 " 7 3 0 8 
35" 1 26,,0 13" 7 5., 2 
72 07 54.2 28~ 8 12,4 
2: 
-29 ., 9 
-21., 0 
-4 07 
22 Q 3 
52 ,,2 
80 ., 9 
168" 0 
- --
344" 2 
869 ,, 7 
2 .. 9 
6.7 
12 .. 6 
15 .. 4 
19 .. 5 
30.7 
49 5 3 
64 ,, 3 
86 0 6 
198.5 
L (+) 
0 
4 .. 6 
15 . 1 
34 ~ 1 
58 .. 7 
80 0 9 
168 .. 0 
- __ , 
344 .. 2 
869 ,, 7 
8 0 1 
10 ? 9 
15 .. 3 
17 .. 3 
20., 3 
30.,7 
49 ,, 3 
64 ,, 3 
86 0 6 
198 0 5 
. 
2: (-) 
-29 ,, 9 
-25 0 6 
-19 ,. 8 
-11 ~ 8 
- 6;04 
0 
0 
- --
0 
0 
-5,,2 
-402 
-2 4 8 
~ 1. 9 
-0 ,, 8 
0 
0 
0 
0 
0 
~ 
0" 
0" 
Table 42. Continued 
a 
SR (-) & DF (+), 1000 acre-feet Area EI 
Apr May Jun Jul Aug S~p Oct ~ L ,(,+) 
" 
Utah 80 -13.4 -59.6 -32.3 0 -1.2 -20.7 -9.3 - 136. 8 0 
Valley 75 - 12. 0 -57.4 -28.5 0 0 -11. 8 -8.5 -118.1 0 
70 -10.4 -54.9 -24. 1 0 0 0 - 1.6 -91. 0 0 
60 -6.6 -49.5 - 13 . 1 0 0 0 0 -69.2 0 
50 - L 1 -40.2 0 0 0 0 0 -41. 3 0 
45 0 -32. 0 0 0 2.9 0 0 -29.0 2.9 
40 0 -20.3 0 -D 31.3 4.5 3.0 18. 5 38. 8 
35 0 -5.3 0 4.4 63.4 11.6 6. 5 91.3 86.0 
30 0 0 0 47.0 84.3 21.2 11.2 163.7 163.7 
20 0 0 o 2l4.3 157.6 54.7 27.6 454.2 454.2 
15 0 0 41. 6 342. 1 230.8 88.2 43.9 746.6 746.6 
10 0 0 196.8.549.2 377.3 155.2 76.2 1,355.1 1,355. 1 
Utah 80 -25.8 -79.0 -44.4 0 0 -12.6 - 12. I - 173. 9 0 
Lake 77 -25. 1 -77.4 -41.4 0 0 -4.5 -11. 6 - 16 O. 0 0 
drain- 75 -24.7 -76.3 -39.4 0 0 0 -9.9 -150.2 0 
age 70 -23.4 -72. 1 -33. 7 0 0 0 0 -129.2 0 
60 -20.2 -65.3 -19.4 0 0 0 0 -104.8 0 
55 - 18. 1 -60.3 -10.3 0 0 0 0 -88.7 0 
50 -15.7 -54.3 0 0 0 0 0 ·70.0 0 
45 -12.6 -47.0 0 0 11.3 4.9 0 -43.5 16. 1 
4 0 -8.9 -37 .8 0 0 48.4 12.3 2.0 16. 0 59.4 
35 -4 . 1 -26.0 0 3 .6 91.2 21.9 6.0 92.7 122.8 
3 0 0 - 8. 1 o 3 9. 2 120.4 34. 7 7.5 193. 8 201. 8 
20 0 0 o 233 .4 2 18. 2 79.5 3 0.2 561.2 561.2 
15 0 0 o 43 5 • 6' 3 16 0 0 124. 2 49.0 924.8 924.8 
10 0 0 119.8 72 0. 3 5 11. 7 213 . 7 86. 4 1,652 .0 1,652.0 
'---. _-- - ----- ---- -- - -- - - --------~----- ---- - --- - - --
a I r r igati on eff i c ie n c y . 
i: C-) 
- 136. 8 
-118. I 
-91. 0 
-69.2 
-41.3 
-32. 0 
-20.3 
-5.3 
0 
0 
0 
0 
- 173. 9 
-160.0 
-150.2 
-129.2 
-104. 8 I 
- 88. 7 I 
-70.0 I 
-59.6 
-46. 7 I 
-3 O. 1 
-8. 1 I 
0 1 
I 
o , 
I 
0 
~ 
0' 
-J 
168 
Tab le 43. . Effi c iencies of subareas and district~ 
Suba r ea or Conveyance Application Irriga t ion 
Dis trict Effic iency Efficiency Efficiency 
Heber-Kamas 0.688 0.468 0 0 32 
Heber 0~77 0.51 - -
Kamas 0.65 0.35 --
Utah Valley 0 0 7 98 0.465 0. 37 
Lehi - Ame rican 0.795 0.408 0 0 3 2 
Fork 
Alpine 0. 7 8 0,,42 --
American Fork O. 81 0.40 - -
Lehi 0.80 0.40 --
Noo Bench 0.78 0.40 - -
Pleasant Grove 0.80 0.42 - -
Pr ovo 0 0 780 0.446 0. 3 5 
Ft. Field 0.80 0.45 --
Lake Bottom 0.80 0 0 42 - ~ 
L'L Dry Crk. 0.80 0.45 --
P-M & B-Y 0.80 0.47 --
Provo Bench 0.80 0. 51 ~ -
Provo City 0.80 0.47 ~ -
Provo Res. 0.76 0.40 ~ -
Timpanogos 0 .. 80 0. 5 8 - -
Upper Eo Union 0 .. 80 0.49 -
W st Union 0~80 0 . 47 -~ 
Spanish Fork O. 815 0. 509 0. 42 
East Bench 0.80 0. 5 0 - ~ 
Hobble Crk. 0.80 0 . 4 0 - -
Lake Shore 0.80 0. 4 8 - ~ 
M a p leton 0 0 80 0.51 --
Mill Rac e 0 .. 80 0. 5 0 - -
Salem Irrig .. 0 0 80 0.46 --
Spa Fork South 0.80 0.50 - -
Strawberry 0.85 0.53 - -
Santaquin 0 0 80 0.5 7 - -
Elb o - Goshen 0.84 0.54 - -
N o rthern Juab 0,, 70 0 .. 5 0 0 .. 3 5 
Utah L a ke d rainage 0.775 0.463 o. 3 6 
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